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The i n d u c t i o n  o f  mammary c a n c e r  i n  f e m a l e  S p r a g u e -  
Dawley r a t s  by a s i n g l e  o f  1 - m e t h y l - l - n i t r o s o u r e a  was used  
a s  an  e x p e r i m e n t a l  m o d e l  s y s t e m  f o r  i d e n t i f y i n g  an  
e f f e c t i v e  a g e n t  i n  t h e  p r e v e n t i o n  o f  b r e a s t  c a n c e r .  The 
p o l y a m i n e  c o n c e n t r a t i o n s  i n  whole  mammary g l a n d  o r  mammary 
e p i t h e l i a l  c e l l s  r ema ined  unchanged i n  t h e  p o s t - i n i t i a t i o n  
s t a g e s  o f  mammary c a r c i n o g e n e s i s  p r i o r  t o  t h e  a p p e a r a n c e  
o f  d e t e c t a b l e  t u m o r s .  H o w ev e r ,  mammary t u m o r s  had much 
h i g h e r  c o n e n t r a t i o s n  o f  p o l y a m i n e s  a s  compared t o  no rma l  
mammary g l a n d .  The d e v e l o p m e n t  o f  c h e m i c a l l y - i n d u c e d  
c a r c i n o m a s  i n  r a t s  was d r a m a t i c a l l y  s u p p r e s s e d  by  t h e  
p r o v i s i o n  o f  a 1% s o l u t i o n  o f  D , L - « < - d i f l u o r o m e t h y 1 -  
o r n i t h i n e  (DFMO), an i n h i b i t o r  o f  p o l ya m i ne  b i o s y n t h e s i s ,  
i n  d r i n k i n g  w a t e r  f o r  6 m o n t h s .  T h i s  t r e a t m e n t  
s i g n i f i c a n t l y  r e d u c e d  c a n c e r  i n c i d e n c e  and  t h e  a v e r a g e  
number o f  c a n c e r s  p e r  r a t  and p r o l o n g e r d  c a n c e r - f r e e  t im e .  
The a v e r a g e  w e i g h t  o f  mammary g l a n d  t u m o r s  i n d u c e d  i n  
a n i m a l s  r e c e i v i n g  DFMO was r educed  t e n - f o l d  i n  compa r i son  
t o  t umor s  o c c u r r i n g  i n  u n t r e a t e d  r a t s .  The c o n c e n t r a t i o n s  
o f  p o l y a m i n e s  and o r n i t h i n e  d e c a r b o x y l a s e  a c t i v i t y  i n  t h e
xii
t u m o r s  o f  r a t s  r e c e i v i n g  0.5% DFMO wer e  s i g n i f i c a n t l y  
r e d u c e d  i n  c o m p a r i s o n  w i t h  d a t a  o b t a i n e d  i n  t u m o r s  o f  
c o n t r o l  a n i m a l s .  DFMO d i d  n o t  a f f e c t  p o l y a m i n e  c o n c e n ­
t r a t i o n s  i n  t h e  mammary g l a n d  o f  s a l i n e - t r e a t e d  a n i m a l s .  
DFMO a p pe a re d  t o  b l o c k  some a s p e c t  o f  p r o m o t i o n a l  s t a g e ( s )  
o f  mammary c a r c n i g e n e s i s  d e p e n d e n t  upon p o l y a m i n e s .
To s t u d y  t h e  m o l e c u l a r  m ec h an i sm  by  w h i c h  DFMO a c t s  
a s  an a n t i p r o l i f e r a t i v e  a g e n t  i n  c a r c i n o g e n e s i s ,  HeLa 
c e l l s  w e re  u s e d .  HeLa c e l l s  we re  s y n c h r o n i z e d  by  t h e  
d o u b l e  t h y m i d i n e  b l o c k  p r o c e d u r e  and  d e p l e t e d  o f  p o l y ­
amines  by t h e  use  o f  1 mM DFMO. These  p o l y a m i n e - d e p l e t e d  
c e l l s  e x h i b i t e d  a s e v e r e  d e f i c i e n c y  i n  S p h a s e  DNA 
s y n t h e s i s  and c e l l  p r o l i f e r a t i o n .  T h i s  i n h i b i t o r y  e f f e c t  
o f  DFMO c o u l d  be  p a r t i a l l y  r e v e r s e d  by  t h e  a d d i t i o n  o f  
p o l y a m i n e s  t o  t h e  c e l l  c u l t u r e s  a t  t h e  b e g i n n i n g  o f  S 
p h a s e .  P o l y a m i n e - d e f i c i e n t  c e l l s  d i d  n o t  l a c k  any  
e s s e n t i a l  c y t o s o l  f a c t o r ( s )  f o r  DNA s y n t h e s i s .  F u r t h e r ­
m o r e ,  s a l t  e x t r a c t s  o f  n u c l e i  c o n t a i n i n g  DNA p o l y m e r a s e  
a c t i v i t y  d i d  n o t  r e s t o r e  DNA s y n t h e s i s  i n  n u c l e i  o f  
p o l y a m i n e - d e f i c i e n t  c e l l s .  Po ly am in es  may be r e q u i r e d  f o r  
t h e  s y n t h e s i s  o f  m o l e c u l e s  o r  f o r  t h e i r  i n t e r a c t i o n  i n  




The a l i p h a t i c  p o l y a m i n e s ,  spe rm ine  and s p e r m i d i n e  and 
t h e  d i a m i n e ,  p u t r e s c i n e  a r e  p r e s e n t  i n  a l l  c e l l s  o f  h i g h e r  
e u k a r y o t e s  (Pegg and  McCann,  1 9 8 2 ,  J a n n e  §.£ &X., 1984 ;  
Tabor  & Tabo r ,  1984) .  These  compounds have  a f u n d a m e n ta l  
r o l e  i n  t h e  d i v e r s e  c e l l u l a r  p r o c e s s e s  o f  g r o w t h  and 
d i f f e r e n t i a t i o n  (Heby ,  1 9 8 1 ) .  E a r l i e r  e v i d e n c e  o f  t h e  
r e q u i r e m e n t  o f  p o l y a m i n e s  i n  t h e  g r o w t h  o f  p r o k a r y o t i c  
c e l l s  (He rbs t  and S n e l l ,  1948,  1949) has  been  r e i n f o r c e d  
by  t h e  e x t e n s i v e  d o c u m e n t a t i o n  o f  t h e  r o l e  o f  p o l y a m i n e s  
i n  g r o w t h  p r o c e s s e s ,  b o t h  n o r m a l  a n d  m a l i g n a n t ,  o f  
e u k a r y o t i c  c e l l s  and t i s s u e s  ( S c a l a b r i n o  & F e r i o l i ,  1981 ,  
1982;  J anne  ei.  aJL., 1983;  R u s s e l l ,  1984) .  A c c u m u l a t i o n  o f  
p o l y a m i n e s  has  been  shown t o  accompany r a p i d  c e l l  g rowth  
and  p r o l i f e r a t i o n  ( D y k s t r a  and  H e r b s t ,  1965 ;  R u s s e l l ,  
1 9 7 4 ) .  L i k e w i s e ,  t r a n s f o r m e d  c e l l s  h a v e  h i g h e r  c o n c e n ­
t r a t i o n s  o f  p o l y a m i n e s  as  compared t o  no r ma l  c e l l s  o f  t h e  
same o r i g i n  ( R u s s e l l ,  1973; J anne  a_L., 1978;  Ba ch rach ,
1976) .
P o l y a m in e s  a r e  p r i m a r i l y  i n t r a c e l l u l a r  c o n s t i t u e n t s  
and  o c c u r  i n  e x t r a c e l l u l a r  f l u i d s  o n l y  i n  t r a c e  a m o u n t s  
( J a n n e  a l . ,  1 9 8 3 ) .  The c o n c e n t r a t i o n s  a s  w e l l  a s  t h e
A b b r e v i a t i o n s :  S = S p e r m i n e ,  SD = S p e r m i d i n e ,  P =
P u t r e s c i n e
1
2FIGURE 1
PATHWAY OF POLAYMINE SYNTHESIS AND INTERCONVERSION IN  
MAMMALIAN CELLS
Enzymes i n v o l v e d  a r e  1) a r g i n a s e ,  2, S - a d e n o s y l -  
m e t h i o n i n e  d e c a r b o x y l a s e ,  3) o r n i t h i n e  d e c a r b o x y l a s e ,  4) 
s p e r m i d i n e  s y n t h a s e ,  5) s pe rm in e  s y n t h a s e ,  6) s p e r m i d i n e  





















3r e l a t i v e  a m o u n t s  o f  i n d i v i d u a l  p o l y a m i n e s  v a r y  i n  
d i f f e r e n t  c e l l  t y p e s .  P r o k a r y o t e s  c o n t a i n  h i g h  c o n c e n ­
t r a t i o n s  o f  p u t r e s c i n e  and  l e s s  s p e r m i d i n e ,  w h e r e a s  
spe rm ine  i s  u s u a l l y  l a c k i n g .  In  a n im a l  c e l l s ,  t h e  c o n ce n ­
t r a t i o n  o f  p u t r e s c i n e  i s  s u b s t a n t i a  l y  l o w e r ,  a n d  
s p e r m i d i n e  and  s p e r m i n e  a r e  t h e  m a j o r  p o l y a m i n e s  ( T ab o r  
a n d  T a b o r ,  1 9 7 6 ) .  B e c a u s e  p o l y a m i n e s  a r e  s t r o n g l y  
c a t i o n i c  ( a l l  amin o  and i m i n o  g r o u p s  a r e  p r o t o n a t e d  a t  
p h y s i o l o g i c a l  pH v a l u e s ) ,  t h e y  a r e  l i k e l y  t o  be bound t o  
n e g a t i v e l y  c h a r g e d  m o l e c u l e s  and  s t r u c t u r e s  i n s i d e  t h e  
c e l l .  The s t r u c t u r e s  o f  t h e  t h r e e  common p o l y a m i n e s  a r e  
g i v e n  be low:
nh2 (ch2 ) 3 n h (ch2 ) 4n h (ch2 ) 3nh2 
Spermine  
nh2 (ch2 ) 3n h (ch2 ) 4nh2 
Spe rmid ine  
nh2 (ch2 ) 4nh2
P u t r e s c i n e
B i o s y n t h e s i s  o f  Po lyamines  
The l i t e r a t u r e  on p o l y a m i n e  b i o s y n t h e s i s  h a s  b e e n  
r ev i e w ed  e x t e n s i v e l y  (Pegg and McCann, 1982;  J anne  ei .  a l . .  
1983 ;  Heby & ! . ,  1984 ;  T a b o r  and T a b o r ,  1 9 8 4 ) .  The
pa thway f o r  mammalian po ly am in e  b i o s y n t h e s i s  and i n t e r c o n ­
v e r s i o n  i s  shown i n  F i g u r e  1.  The d e c a r b o x y l a t i o n  o f  
o r n i t h i n e  c a t a l y z e d  by  o r n i t h i n e  d e c a r b o x y l a s e  (ODC, EC 
4 .1 .1 .1 7 )  i s  u s u a l l y  c o n s i d e r e d  t o  be t h e  i n i t i a l  s t e p  i n  
mammal i an  p o l y a m i n e  b i o s y n t h e s i s .  N e v e r t h e l e s s ,  t h e
4h y d r o l y s i s  o f  a r g i n i n e  t o  o r n i t h i n e  and  u r e a  w h i c h  i s  
c a t a l y z e d  by  a r g i n a s e  (EC 3 . 5 . 3 . 1 )  may be  r e g a r d e d  a s  t h e  
i n i t i a l  e v e n t  a t  l e a s t  i n  t h o s e  t i s s u e s  w he re  t h e  o t h e r  
u r e a  c y c l e  enzymes have  n o t  been  d e m o n s t r a t e d .  O r n i t h i n e  
i s  a l s o  formed by a r e a c t i o n  i n  which a r g n i n e  and g l y c i n e  
s e r v e  a s  s u b s t r a t e s  and  w h i c h  i s  c a t a l y z e d  by  t r a n s -  
a m i d i n a s e  ( L - a r g i n i n e - g l y c i n e  am id  i n o  t  r  a n s  f  e r a s e  (EC 
2 . 1 .4 .1 ) .  Many m ic r o o r g an i sm s  and h i g h e r  p l a n t s  a r e  a b l e  
t o  p ro du ce  p u t r e s c i n e  from ag ma t ine  which i s  d e r i v e d  from 
d e c a r b o x y l a t i o n  o f  a r g i n i n e  by  a r g i n i n e  d e c a r b o x y l a s e  
(ADC, EC 4 . 1 . 1 . 1 9 ) .  Mammal i an  c e l l s ,  h o w e v e r ,  l a c k  ADC. 
In  t h e s e  s p e c i e s ,  t h e r e f o r e ,  t h e  o n l y  r o u t e  t o  p u t r e s c i n e  
i s  v i a  t h e  enzyme ODC.
ODC i s  a p y r i d o x a l  5 ' - p h o s p h a t e - d e p e n d e n t  enzyme 
(Pegg and  Wi 11 i a m s - A s h m a n , 1 9 8 1 ) .  I t  i s  p r e s e n t  i n  v e r y  
s m a l l  a m o u n t s  i n  q u i e s c e n t  c e l l s ,  b u t  when c e l l s  a r e  
s t i m u l a t e d  t o  g r o w t h  and  d i f f e r e n t i a t i o n ,  t h e  enzyme i s  
r a p i d l y  i n d u c e d  (Heby,  1 9 8 1 ;  Pegg and McCann,  1982 ;  Heby 
and J a n n e ,  1981) .  Some o f  t h e s e  s t i m u l i  i n c l u d e  hormones ,  
d r u g s ,  t i s s u e  i n j u r y  and g rowth  f a c t o r s .  ODC a c t i v i t y  may 
i n c r e a s e  s e v e r a l  t h o u s a n d  f o l d ,  u s u a l l y  w i t h i n  h o u r s  o f  
s t i m u l a t i o n .  Even when m a x i m a l l y  i n du ce d ,  ODC c o n s t i t u t e s  
o n l y  a v e r y  s m a l l  f r a c t i o n  o f  t h e  t o t a l  c e l l u l a r  p r o t e i n ,  
r a n g i n g  f r om  0.0002% o f  t h e  s o l u b l e  p r o t e i n  i n  t h e  l i v e r  
o f  r a t s  t r e a t e d  w i t h  t h i o a c e t a m i d e  and DL-hyd raz ino -amino  
v a l e r i c  a c i d  (HAVA) (Ka me j i  e i  &!.•» 1 9 8 2 ) ,  a p o t e n t  com­
p e t i t i v e  i n h i b i t o r  o f  t h e  enzy me ,  t o  0.01% i n  a n d r o g e n -
5s t i m u l a t e d  mouse k i d n e y  (Pegg and McCann, 1982;  S e e l y  
a l - f  1 9 8 2 ) .  The l ow  amoun t  o f  ODC i n  t i s s u e s  h a s  made i t  
d i f f i c u l t  t o  s t u d y  t h e  m e c h a n i s m s  t h a t  r e g u l a t e  i t s  
a c t i v i t y  and t o  d e t e r m i n e  i t s  b i o c h e m i c a l  p r o p e r t i e s .
ODC h a s  r e c e n t l y  b e e n  p u r i f i e d  t o  r e a r  h o m o g e n e i t y  
f r om r a t  l i v e r  (K a me j i  §_£. &1. ,  1982)  and  mouse k i d n e y
( S e e l y  1 9 8 2 ) .  The enzyme h a s  a m o l e c u l a r  w e i g h t
o f  1 0 0 , 0 0 0 - 1 0 5 , 0 0 0  and  a p p e a r s  t o  be  a d i m e r  c o n t a i n i n g  
two p r o b a b l y  i d e n t i c a l  s u b u n i t s  o f  50 ,000 -5 3 ,0 00  m o l e c u l a r  
w e i g h t  w i t h  one  a c t i v e  s i t e  on e a c h  s u b u n i t  (Kame j i  e i  
a l w  1982 ;  S e e l y  £.£. a l . ,  1 9 8 2 ) .  Fo r  t h e  mouse  k i d n e y  
enzyme t h e  Km f o r  L - o r n i t h i n e  was 75 >uM and f o r  p y r i d o x a l  
5 ' - p h o s p h a t e , 0.3 juM ( S e e l y  a l - f  1 9 8 2 ) .  On t h e  b a s i s  
o f  b i o c h e m i c a l  a n a l y s e s ,  o r n i t h i n e  d e c a r b o x y l a s e  has  been  
c o n s i d e r e d  m a i n l y  c y t o p l a s m i c  i n  i t s  d i s t r i b u t i o n .  How­
e v e r ,  by  d e t e r m i n i n g  t h e  d i s t r i b u t i o n  o f  r a d i o a c t i v e 1 y -  
l a b e l e d  o< - d i f l u o r o m e t h y l o r n i t h i n e  (DFMO), i t  h a s  b e e n  
d e m o n s t r a t e d  t h a t  a c t i v e  e n z y m e  i s  p r e s e n t  i n  t h e  
n u c l e o l u s  and  n u c l e o p l a s m  a s  w e l l  (Pegg e t  a l M 1982;  
E m a n u e l s s o n  and  Heby,  1982 ;  1 9 8 3 ) .  ODC a p p e a r s  t o  h a v e  
t h e  mo s t  r a p i d  r a t e  o f  s y n t h e s i s  and  d e g r a d a t i o n  among 
mammal i an  en zym es  ( R u s s e l l  and  S n y d e r ,  1969 ;  Pegg and 
Wi l l i ams -Ashman ,  1981 ) .
The a c t i v i t y  o f  ODC i s  r e g u l a t e d  by  a v a r i e t y  o f  
p o s t - t r a n s l a t i o n a l  m o d i f i c a t i o n s  (Kuehn and Atmar ,  1982;  
F u j i t a  £_fc. a l » r  198 3 ;  R u s s e l l ,  1 9 8 3 ) .  The enzyme i s  a l s o  
r e g u l a t e d  by i t s  own p r o d u c t ,  p u t r e s c i n e ,  n o t  o n l y  t h r o u g h
6f e e d b a c k  i n h i b i t i o n ,  b u t  p u t r e s c i n e  may a l s o  i n d u c e  t h e  
s y n t h e s i s  o r  r e l e a s e  o f  a s p e c i f i c  i n h i b i t o r y  p r o t e i n ,  
c a l l e d  a n t i z y m e ,  which  combines  w i t h  t h e  enzyme s t o c h i o -  
m e t r i c a l l y  ( H e l l e r  &!♦,  1976;  Fong &!•» 1 9 7 6 ) .
F u r t h e r m o r e ,  F u g i t a  &1. ( 1983 )  h a v e  d e m o n s t r a t e d  t h e  
e x i s t e n c e  o f  a m a c r o m o l e c u l a r  r e g u l a t o r y  f a c t o r ,  " t h e  
an t i z ym e  i n h i b i t o r " ,  which s p e c i f i c a l l y  i n h i b i t s  t h e  a n t i ­
zyme and r e a c t i v a t e s  o r n i t h i n e  d e c a r b o x y l a s e .
The f u r t h e r  c o n v e r s i o n  o f  p u t r e s c i n e  i n t o  s p e r m i d i n e  
i n v o l v e s  t h e  a d d i t i o n  o f  an a mi nop ro py l  g roup  from d e c a r -  
b o x y l a t e d  S - a d e n o s y l  m e t h i o n i n e  (SAM) by  t h e  enzyme 
s p e r m i d i n e  s y n t h a s e .  Mammalian S - a d e n o s y l m e t h i o n i n e  d e ­
c a r b o x y l a s e  (SAMD, EC 4 .1 .150)  i s  a c t i v a t e d  by p u t r e s c i n e  
and  r e p r e s s e d  by  s p e r m i d i n e  (Pegg and McCann,  1 9 8 2 ) .  
A n o t h e r  a m i n o p r o p y l  t r a n s f e r a s e ,  s p e r m i n e  s y n t h a s e ,  
C a t a l y z e s  t h e  t r a n s f e r  o f  a s econd  a m in o p r op y l  m o i e ty  t o  
s p e r m i d i n e  t o  f o r m  s p e r m i n e .  S p e r m i d i n e  s y n t h a s e  and 
s p e r m i n e  s y n t h a s e  a r e  p r e s e n t  i n  c e l l s  i n  a m o u n t s  much 
g r e a t e r  t h a n  t h e  d e c a r b o x y l a s e s .  The a p p a r e n t  h a l f  l i v e s  
o f  t h e  s y n t h a s e s  a r e  a l s o  much l o n g e r  t h a n  t h o s e  o f  t h e  
d e c a r b o x y l a s e s .  An i m p o r t a n t  b y - p r o d u c t  o f  t h e  two 
s y n t h a s e  r e a c t i o n s ,  i n  a d d i t i o n  t o  s p e r m i d i n e  and  
s p e r m in e ,  i s  5 ' - m e t h y l t h i o a d e n o s i n e .
A l t h o u g h  t h e  s p e r m i d i n e  s y n t h a s e  a n d  s p e r m i n e  
s y n t h a s e  r e a c t i o n s  a r e  e f f e c t i v e l y  i r r e v e r s i b l e ,  t h e  
i n t e r c o n v e r s i o n  o f  sp e r m in e  i n t o  s p e r m i d i n e  and s p e r m i d i n e  
i n t o  p u t r e s c i n e  c a n  o c c u r  i n  v i t r o  t h r o u g h  t h e  a c t i o n  o f
7two enzymes ,  s p e r m i d i n e - N ' - a c e t y 1 t r a n s f e r a s e  and po l y am i n e  
o x i d a s e .  The f o r m e r  enzyme u s e s  a c e t y l  CoA t o  c o n v e r t  
s p e r m i d i n e  i n t o  N ' - a c e t y 1 s p e r m i d i n e  a n d  w i l l  a l s o  
a c e t y l a t e  spe rm ine  fo rming  N ' - a c e t y l s p e r m i n e  (Pegg a l . ,  
1 9 8 1 ) .  T h e s e  d e r i v a t i v e s  a r e  e x t r e m e l y  good s u b s t r a t e s  
f o r  t h e  enzyme p o l y a m i n e  o x i d a s e  which p r o d u c e s  p u t r e s c i n e  
o r  s p e r m i d i n e  d e p e n d i n g  on t h e  s u b s t r a t e  ( S e i l e r  a t  a l - f  
1981) .
I n h i b i t o r s  o f  Po lyamine  B i o s y n t h e s i s  
C o r r e l a t i v e  s t u d i e s  o f  p o l y a m i n e  chan ge s  d u r i n g  t h e  
c e l l  c y c l e  c o u l d  n e v e r  d e f i n i t e l y  answer  t h e  q u e s t i o n  o f  
t h e  t r u e  r e l a t i o n s h i p  b e t w e e n  t h e  a v a i l a b i l i t y  o f  p o l y ­
a m i n e s  and  t h e  c e l l  g r o w t h  and d i v i s i o n  p r o c e s s e s .  The 
o b v i o u s  m e a n s  o f  d e t e r m i n i n g  t h e  p h y s i o l o g i c a l  
s i g n i f i c a n c e  o f  t h e  p o l y a m i n e s ,  and more s p e c i f i c a l l y  t h e  
r e g u l a t o r y  p r o c e s s e s  i n  which t h e y  may be i n v o l v e d ,  i s  t o  
a n a l y z e  t h e  c o n s e q u e n c e s  o f  s p e c i f i c  d e p l e t i o n  o f  t h e  
c e l l u l a r  p o l y a m i n e s .  E x t e n s i v e  d e p l e t i o n  o f  p o l y a m i n e s  
h a s  b e e n  a c c o m p l i s h e d  i n  p r o k a r y o t e s  by  i s o l a t i o n  o f  
m u ta n t s  o f  E s c h e r i c h i a  c o l i  w i t h  s p e c i f i c  d e f e c t s  in  t h e  
v a r i o u s  s t e p s  o f  p o l y a m i n e  b i o s y n t h e s i s  ( H i r s h f i e l d  
a l . f  1 97 0 ;  M o r r i s  and  J o r s t a d ,  197 3 ;  T a b o r  & ! • ,  1978 ;  
H a f n e r  g.£ a l » ,  1 9 7 9 ) .  The  i s o l a t i o n  o f  p o l y a m i n e -  
d e f i c i e n t  m u t a n t s  o f  e u k a r y o t i c  c e l l s ,  h o w e v e r ,  h a s  met  
w i t h  g r e a t e r  d i f f i c u l t i e s .  Thus f a r ,  p o l y a m i n e - r e q u i r i n g  
m u t a n t s  hav e  been  i s o l a t e d  o n l y  f rom lower  e u k a r y o t e s  i . e . 
f rom t h e  a sc om yc e t e s  A s p e r g i l l u s  n i d u l a n s  (Sn ea th ,  1955) ,
8N e u r o s p o r a  c r a s s a  ( M c D o u g a l l  £ . £ .&! . ,  1977)  and f ro m t h e  
y e a s t ,  Saccharomyces  c e r e v i s i a e  (Whi tney and M o r r i s ,  1978;  
Cohn a l . f  1980;  Tabor  aX-/  1983) .  These  m u ta n t s  a l l  
r e q u i r e  p o l y a m i n e s  f o r  normal  g rowth .
With t h e  a v a i l a b i l i t y  o f  i n h i b i t o r s  ; h a t  s p e c i f i c a l l y  
i n t e r f e r e  w i t h  v a r i o u s  s t e p s  in  t h e  p o l y a m i n e  b i o s y n t h e t i c  
pa thway ,  an a l t e r n a t e  a p p ro a c h  ha s  been  d e l i n e a t e d  f o r  t h e  
e l u c i d a t i o n  o f  t h e  p h y s i o l o g i c a l  f u n c t i o n s  o f  p o l y a m i n e s  
i n  h i g h e r  e u k a r y o t e s .  T h u s ,  i t  h a s  become p o s s i b l e  t o  
b l o c k  t h e  s y n t h e s i s  o f  p o l y a m i n e s  and a t  l e a s t  p a r t l y ,  t o  
d e p l e t e  c e l l s  o f  t h e i r  p o l y a m i n e s .  Mos t  a t t e n t i o n  h a s  
b e e n  g i v e n  t o  ODC i n h i b i t o r s .  The f i r s t  p h a r m a c o l o g i c a l  
compound f o u n d  t o  be  a c t i v e  i n  t h i s  r e s p e c t  was o< -  
h y d r a z i n o - o r n i t h i n e  ( H a r i k  and  S y n d e r ,  1973)  w h i c h  com­
p e t e s  w i t h  t h e  s u b s t r a t e  o r n i t h i n e  a s  a f a i r l y  s t r o n g  
c o m p e t i t i v e  i n h i b i t o r  o f  m ammal i an  ODC. U n f o r t u n a t e l y  
t h i s  d r u g  a l s o  r e a d i l y  r e a c t s  n o n e n z y m a t i c a l l y  w i t h  
p y r i d o x a l  p h o s p h a t e .  I n h i b i t i o n  by  a n o t h e r  d r u g ,  ^  -  
m e t h y l - o r n i t h i n e  (MO), i s  n o t  overcome by e x c e s s  p y r i d o x a l  
p h o s p h a t e ,  b u t  t h i s  compound i s  o n l y  a weak c o m p e t i t i v e  
i n h i b i t o r  o f  ODC (O 'L e a r y  and  H e r r e i d ,  1 9 7 8 ) .  More 
r e c e n t l y ,  e n z y m e - a c t i v a t e d  i r r e v e r s i b l e  i n h i b i t o r s  have  
b e e n  s y n t h e s i z e d  ( S j o e r d s m a ,  1 9 8 1 ) .  Compounds  s u c h  a s  
o^-dif l uorome t h y  l o r n  i  t h i n e  (DFMO), - e t h y n y l o r n i t h i n e ,  and 
5 - h e x y n e - l , 4  d i am in e  hav e  v e r y  h i g h  s p e c i f i c i t y  and s i g ­
n i f i c a n t l y  r ed u c e  p u t r e s c i n e  s y n t h e s i s  i a  v i t r o  (Pegg and 
McCann,  19 8 2 ) .  A s u g g e s t e d  mode o f  a c t i o n  o f  DFMO i s  a s
9f o l l o w s :  t h e  d rug  forms a S c h i f f  b a se  w i t h  enzyme-bound
p y r i d o x a l  p h o s p h a t e ,  which a f t e r  c a t a l y t i c  r emo va l  o f  CC>2 
l e a d s  t o  t h e  l o s s  o f  a f l u o r i n e  a to m ;  t h e  r e s u l t i n g  v e r y  
r e a c t i v e  i n t e r m e d i a t e  t h e n  c o v a l e n t l y  combines  w i t h  t h e  
ODC p r o t e i n  a t  t h e  a c t i v e  s i t e .  Thus  DF/O c a n  be  l o o k e d  
upon as  a c a t a l y t i c  i r r e v e r s i b l e  o r  " s u i c i d e "  i n h i b i t o r  o f  
t h e  enzyme by v i r t u e  o f  i t s  c o n t a i n i n g  a l a t e n t  r e a c t i v e  
g r o u p  t h a t  i s  unmas ked  a t  t h e  e n z y m e ' s  a c t i v e  s i t e  a s  a 
r e s u l t  o f  c a t a l y t i c  t u r n o v e r  (Ashman and C a n e l l a k i s ,  
1979) .
S - a d e n o s y l m e t h i o n e  d e c a r b o x y l a s e  i s  s t r o n g l y  
i n h i b i t e d  by  m e t h y l g l y o x a 1 - b i s  ( g u a n y l h y d r a z o n e ) ( M G B G )  
which has  been u sed  t o  i n h i b i t  p o l y a m i n e  s y n t h e s i s  i n  v i v o  
( S e y f r i e d  and M o r r i s ,  197 9 ;  P e g g ,  1 9 8 3 ) .  H o w ev e r ,  i t  i s  
n o t  s p e c i f i c  a n d  i t  a l s o  i n h i b i t s  d i a m i n e  o x i d a s e .  
Because  o f  t h e  f a c t  t h a t  i t s  s t r u c t u r e  i s  v e r y  s i m i l a r  t o  
t h a t  o f  p o l y a m i n e s ,  i t  i s  t a k e n  up by  t h e  same t r a n s p o r t  
s y s t e m  (Heby,  1 9 8 1 ;  J a n n e  a l l ,  1 9 7 8 ) .  T h u s ,  i t  i s  
d i f f i c u l t  t o  p r o v e  t h a t  t h e  e f f e c t s  o f  MGBG a r e  du e  t o  
p o ly am in e  d e p l e t i o n ,  be c a u se  t h e  r e v e r s a l  o f  i t s  a c t i o n  by 
s p e r m i d i n e  c o u l d  b e  d ue  t o  (1) t h e  d i s p l a c e m e n t  o f  MGBG 
f ro m i n t r a c e l l u l a r  s i t e s  o r  (2) i n t e r f e r e n c e  w i t h  t r a n ­
s p o r t  o f  t h e  d r u g .  At  p r e s e n t ,  t h e r e  a r e  no  known 
s e l e c t i v e  i n h i b i t o r s  o f  s p e r m i n e  s y n t h a s e .  S p e r m i d i n e  
s y n t h a s e ,  on t h e  o t h e r  h a n d ,  i s  q u i t e  s e n s i t i v e  t o  d i -  
c y c l o h e x y l a m m o n i u m  s u l f a t e  f o r  unknown r e a s o n s  (Heby,  
1981 ) .
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P h y s i o l o g i c a l  i n h i b i t o r s  o f  p o l y a m i n e  b i o s y n t h e s i s  
h a v e  a l s o  b e e n  u s e d  t o  i n v e s t i g a t e  t h e  m e t a b o l i c  c o n ­
s e q u e n c e s  o f  d e p r i v i n g  n o r m a l  and  n e o p l a s t i c  c e l l s  o f  
p o l y a m i n e s .  T o p i c a l l y  a p p l i e d  p u t r e s c i n e  i n h i b i t s  bo t h  
t h e  i n d u c t i o n  o f  e p i d e r m a l  ODC a c t i v i t y  and t h e  p rom o t ion  
o f  mouse s k i n  t umors  i nduced  by 1 2 - 0- t e t r a d e c a n o y l p h o r b o l -  
1 3 - a c e t a t e  (TPA)(Weekes ei .  a l » r  1980) .  T h i s  i n h i b i t i o n  i s  
n o t  du e  t o  some g e n e r a l  c y t o t o x i c  e f f e c t  o f  t h e  d i a m i n e ,  
s i n c e  t h e  a p p l i c a t i o n  o f  p u t r e s c i n e  does  n o t  i n h i b i t  t h e  
i n d u c t i o n  o f  SAMD a c t i v i t y  by  TPA (Weekes a l » r  1 9 8 0 ) .  
I t  h a s  b e e n  shown t h a t  p u t r e s c i n e  d o e s  n o t  i n h i b i t  TPA- 
i nduced  e p i d e r m a l  ODC a c t i v i t y  v i a  p r o d u c t i o n  o f  ODC a n t i -  
zyme (Weekes £.1 a l . ,  1 9 8 0 ) .  T h i s  was a l s o  t r u e  f o r  a 
c l o n e  o f  r a t  h e p a t o m a  c e l l s  i n  c u l t u r e  (McCann e t  a l . ,  
1979a) .  T h e r e f o r e ,  t h e r e  might  be two s e p a r a t e  mechanisms 
f o r  ODC r e g u l a t i o n  b y  p u t r e s c i n e :  o n e  t h r o u g h  t h e
i n d u c t i o n  o f  t h e  i n h i b i t o r y  an t i zym e  t h a t  complexes  w i th  
t h e  e n z y m e  a n d  a n o t h e r  w i t h o u t  i n d u c t i o n  o f  a n y  
s i g n i f i c a n t  amoun t  o f  a n t i z y m e  (McCann §.£ a l w  1 9 7 9 a ;  
Weekes  £_fc. a l . ,  1 9 8 0 ) .  Ho w eve r ,  t h e  c o m p a r a b l e  d o s e  
r e s p o n s e  c u r v e s  f o r  i n h i b i t i o n  o f  endogenous  ODC and f o r  
i n d u c t i o n  o f  ODC a n t i z y m e  by d i a m i n e s  and p o l y a m i n e s  i n  
HeLa c e l l s  s u g g e s t  t h a t  i n  t h i s  c u l t u r e  sy s t em  t h e r e  i s  no 
n e e d  t o  i n v o k e  t h e  e x i s t e n c e  o f  s e p a r a t e  and  d i s t i n c t  
m e c h a n i s m s  f o r  r e g u l a t i o n  o f  ODC a c t i v i t y  ( B r a n c a  and 
H e r b s t ,  1980) .
I t  i s  i m p e r a t i v e  t h a t  t h e  r e q u i r e m e n t s  o f  p o l y a m i n e s
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i n  t h e  p r o l i f e r a t i o n  o f  no rma l  and m a l i g n a n t l y - t r a n s f o r m e d  
c e l l s  be  d e l i n e a t e d  t o  e s t a b l i s h  a p o s s i b l e  l i n k a g e  
be tween t h e  u n c o n t r o l l e d  p r o l i f e r a t i o n  o f  c a n c e r  c e l l s  and 
i n t r a c e l l u l a r  p o l y a m i n e  c o n c e n t r a t i o n s .  But t h i s  q u e s t i o n  
c a n n o t  be  c o m p l e t e l y  r e s o l v e d  by t h e  i n h i b i t i o n  o f  p o l y ­
a m i n e  s y n t h e s i s  o r  t h e  a d m i n i s t r a t i o n  o f  p o l y a m i n e s  i n  
who le  a n im a l  s t u d i e s  b e c a u s e  o f  t h e  d i f f i c u l t i e s  encoun ­
t e r e d  i n  t h e  d e p l e t i o n  o f  p o l y a m i n e s  and  o f  a c c u r a t e l y  
measu r i ng  t h e  p a r a m e t e r s  o f  c e l l  p r o l i f e r a t i o n  i n  t i s s u e s .  
In  s t u d i e s  w i t h  i s o l a t e d  c e l l s  in  p r i m a r y  c u l t u r e s ,  o r  i n  
c e l l  l i n e s  m a i n t a i n e d  i n  c u l t u r e ,  p r e c i s e  r e q u i r e m e n t s  f o r  
p o l y a m i n e s  i n  t h e  p r o l i f e r a t i o n  o f  t h e s e  c e l l s  c a n  be  
e s t a b l i s h e d .  For  t h i s  r e a s o n  I d e c i d e d  t o  work w i t h  b o t h  
an i a  y i v a  and  an i .a v i t r o  s y s t e m  w i t h  a f o c u s  upon  t h e  
r o l e  o f  p o l y a m i n e s  i n  DNA s y n t h e s i s  and  c e l l  p r o l i f e r ­
a t i o n  .
SECTION I
Mammary Gland C a r c i n o g e n e s i s  and i t s  Chemopreven t i on
I .  INTRODUCTION
C h e m i c a l  c a r c i n o g e n e s i s  was f i r s t  c h a r a c t e r i z e d  
c l i n i c a l l y  by  t h e  o b s e r v a t i o n ,  i n  t h e  l a t e  e i g h t e e n t h  
c e n t u r y ,  t h a t  c h i m n e y  s w e e p s  had  a h i g h  i n c i d e n c e  o f  
s c r o t a l  c a n c e r  w h i c h  was  r e l a t e d  t o  s o o t  t h a t  was  
d i f f i c u l t  t o  r e m o v e  f r om  g e n i t a l  a r e a s  ( P o t t ,  1 7 7 5 ) .  
Modern e x p e r i m e n t s  i n  c a r c i n o g e n e s i s  began  w i t h  t h e  work 
o f  Yamagiwa and I s h i k a w a  (1918 ) .  The a p p l i c a t i o n  o f  c o a l  
t a r  t o  t h e  e a r s  o f  r a b b i t s  two o r  more  t i m e s  p e r  week 
i nduced  c a r c i n o m as  and lymph node m e t a s t a s i s .  So o t s  and 
t a r s  were  s u b s e q u e n t l y  a n a l y s e d  c h e m i c a l l y  t o  i d e n t i f y  t h e  
a c t i v e  s u b s t a n c e s ,  and  i n  1930 Kennaway (1955)  s u c c e s s ­
f u l l y  i s o l a t e d  3 , 4 - b e n z ( o < ) p y r e n e , a p o t e n t  c a r c i n o g e n .  
At p r e s e n t  hund reds  o f  c h e m i c a l  c a r c i n o g e n s  w i t h  e x t r e m e l y  
v a r i e d  s t r u c t u r e s  hav e  been  i d e n t i f i e d  and c l a s s i f i e d ,  and 
t h e i r  t o x i c i t y ,  c a r c i n o g e n i c i t y  and s p e c i e s  s p e c i f i c i t i e s  
have  been d e s c r i b e d  (Becker ,  1982) .  Chemica l  c a r c i n o g e n s  
b e l o n g  t o  two b a s i c  c a t e g o r i e s  a s  i n d i c a t e d  be low .
Chemica l  C a r c i n o g e n s
Ge no tox i c  E p i g e n e t i c
(DN^ V Damage) (do n o t  r e a c t  w i t h
g e n e t i c  m a t e r i a l )
A c t i v a t i o n  A c t i v a t i o n  e . g .  p l a s t i c s ,
Dependent  I n d e p e n d e n t  a s b e s t o s ,  immuno-
/  s u p p r e s s o r s ,  c o -
a r o m a t i c  a m i n es ,  a l k y l a t i n g  a g e n t s  c a r c i n o g e n s ,  and
p o l y c y c l i c  (MNU) p r o m o te r s
a r o m a t i c  hyd ro ­
c a r b o n s
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A number  o f  m o d e l  s y s t e m s  h a v e  b e e n  u s e d  t o  i n v e s ­
t i g a t e  t h e  p r o c e s s  o f  c h e m i c a l  c a r c i n o g e n e s i s  in  v a r i o u s  
a n i m a l s .  The e x p e r i m e n t a l  i n d u c t i o n  o f  s k i n  t umor s  p r o ­
v i d e s  an e x c e l l e n t  model  f o r  such  s t u d i e s  ( B o u t w e l l ,  1964; 
B a i r d  a n d  B o u t w e l l ,  1 9 7 1 ) .  O ' B r i e n  e . t  3.1* ( 1 975)
p r e s e n t e d  e v i d e n c e  t h a t  t h e  i n d u c t i o n  o f  s k i n  t u m o r s  i s  
c l e a r l y  d i v i d e d  i n t o  two s t a g e s .  The f i r s t  s t a g e ,  t e rmed 
i n i t i a t i o n ,  i s  a c h i e v e d  by  a s u b - c a r c i n o g e n i c  d o s e  o f  a 
c a r c i n o g e n  h y d r o c a r b o n .  The s econd  s t a g e  o r  p r om o t io n  i s  
a c h i e v e d  by  m u l t i p l e  a p p l i c a t i o n s  o f  c e r t a i n  p h o r b o l  
e s t e r s ,  t h e  m o s t  p o t e n t  o f  t h e s e  b e i n g  1 2 - 0 - t e t r a -  
d e c a n o y l p h o r b o 1 - 1 3 - a c e t a t e  (TPA) .  T h i s  o r d e r  o f  
a p p l i c a t i o n  r e s u l t s  i n  t h e  f o r m a t i o n  o f  many t u m o r s .  No 
t u m o r s  w i l l  r e s u l t  i f  m u l t i p l e  a p p l i c a t i o n s  o f  t h e  
p ro m o t e r  a r e  g i v e n  in  t h e  a bs en c e  o f  t h e  i n i t i a t i n g  a g e n t  
o r  i f  t h e  c a r c i n o g e n  i s  g i v e n  w i t h o u t  p r om o t e r  a p p l i c a t i o n  
o r  i f  t h e  o r d e r  o f  t r e a t m e n t  i s  r e v e r s e d  ( B o u t w e l l ,  1978) .
E x p e r i m e n t a l  two s t a g e  c a r c i n o g e n e s i s  i s  n o t  l i m i t e d  
t o  t h e  mouse  s k i n  m o d e l  b u t  h a s  b e e n  d e s c r i b e d  f o r  o t h e r  
o r g a n s  and t i s s u e s  o f  r o d e n t s ,  such  a s  t h e  l i v e r ,  u r i n a r y  
b l a d d e r ,  c o l o n ,  t h y r o i d ,  k i d n e y ,  l u n g s ,  mammary g l a n d s ,  
s t omach mucosa and h a e m a t o p o i e t i c  t i s s u e  (Berenblum,  1974; 
Diamond gjfc. &1 . ,  1 9 7 8 ,  1 9 8 0 ) .  A number  o f  common ly  u s e d  
mode l s  f o r  t h e  s t u d y  o f  c h e m i c a l  c a r c i n o g e n e s i s  i n c l u d e ,  
1 ) i n d u c t i o n  o f  h e p a t o c a r c i n o g e n e s i s  i n  r a t s  by t h e  u se  o f  
2 - a c e t y l a m i n o f l u o r e n e  ( R u s s e l l  and  Haddox ,  1 9 7 9 ) ,  2)
i n d u c t i o n  o f  u r i n a r y  b l a d d e r  c a r c i n o g e n e s i s  by N - b u t y l - N -
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( 4 - h y d r o x y b u t y 1 ) - n i t r o s a m i d e  i n  C57BL/6  m ic e  ( B e c c i ,  a £  
a l . f  1978)  o r  2 - a m i n o - 4 - ( 5 - n i t r o -  2 - f u r y l )  t h i a z o l e  i n  
r a t s  ( M a t s u s h i m a  g.£ a l * f  1 9 7 9 ) ,  3) i n d u c t i o n  o f  mammary 
g l a n d  c a r c i n o g e n e s i s  i n  r a t s  by  1 - m e t h y l - l - n i t r o s o u r e a  
( G u l l i n o  g.£ a l -»  1 97 5) o r  7 ,  12 d ime t h y  l b e n  z ( o< )
a n t h r a c e n e  (Huggins e £  al*, 1961 ) .
Po ly am in es  and Cance r
In  l i g h t  o f  t h e  a p p a r e n t  r e l a t i o n s h i p  be tween  p o l y ­
amines  and g rowth  and d e v e l o p m e n t ,  i t  i s  n o t  s u r p r i s i n g  t o  
f i n d  t h a t  p o l y a m i n e s  h a v e  b e e n  i m p l i c a t e d  i n  c a n c e r  
( r ev i e we d  by S c a l a b r i n o  and F e r i o l i ,  1981, 1982; J anne  e t  
a l . ,  1983; R u s s e l l ,  1984). I n c r e a s e d  p o l y a m i n e  c o n c e n ­
t r a t i o n s  h a v e  b e e n  r e p o r t e d  i n  s e v e r a l  mouse  t u m o r s  
i n c l u d i n g  c a r c i n o m a s  and  h e p a t o m a s ,  a s  w e l l  a s  i n  human 
b r a i n  t umors  (Kremzner e £  al* , 1970; Bach ra ch ,  1976).
R u s s e l l  ( 1 9 7 1 )  d e m o n s t r a t e d  t h e  i n c r e a s e d  u r i n a r y  
e x c r e t i o n  o f  p o l y a m i n e s  i n  p a t i e n t s  s u f f e r i n g  f rom v a r i o u s  
k i n d s  o f  c a n c e r .  The f r e q u e n c y  o f  e l e v a t e d  p o l y a m i n e  
c o n c e n t r a t i o n s  i n  p h y s i o l o g i c a l  f l u i d s  may v a r y  f rom 25 t o  
1 0 0 % i n  a v a r i e t y  o f  s o l i d  and  h e m a t o l o g i c a l  t u m o r s  
(Mi l ano  a£  a l* f  1980) .  The f r e q u e n c y  was found t o  be 100% 
i n  c e r t a i n  s t u d i e s  o f  r a p i d l y  g r o w i n g  t u m o r s  s u c h  a s  
B u r k i t t s  l ymphomas  ( W a l l k e s  a £ a l * r  1 9 7 5 ) .  High  c o n c e n ­
t r a t i o n s  o f  p u t r e s c i n e  and  s p e r m i d i n e  w e r e  r e l a t e d  t o  
p r o g r e s s i v e  d i s e a s e ,  whe rea s  l ower  c o n c e n t r a t i o n s  o c c u r r e d  
i n  t h e  same d i s e a s e  s t a t e  t h a t  was p r o g r e s s i n g  s l o w l y  
(Dune £.£ a l . r  1 9 7 7 ) .
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S e v e r a l  s t u d i e s  have  been  co n du c t ed  t o  d e t e r m i n e  t h e  
e f f e c t  o f  s i n g l e  o r  r e p e a t e d  a d m i n i s t r a t i o n  o f  a c a r c i n o ­
gen  o r  t um or  p r o m o t e r  on ODC a c t i v i t y  and p o l y a m i n e  b i o ­
s y n t h e s i s  o r  c o n t e n t  i n  t h e  t a r g e t  t i s s u e s .  O ' B r i e n  
(1975 )  f o u n d  t h a t  a s i n g l e  t o p i c a l  a p p l i c a t i o n  o f  TPA t o  
mouse s k i n  r e s u l t e d  i n  a d r a m a t i c  b u t  t r a n s i e n t  i n c r e a s e  
i n  ODC a c t i v i t y  and  t o  a l e s s e r  e x t e n t  i n  SAMD a c t i v i t y .  
The s t i m u l a t i o n  o f  b o t h  enzymes was d o s e - d e p e n d e n t  and t h e  
i n d u c t i o n  was p r e v e n t e d  by e y e l o h e x i m i d e , 5 - a z a c y t i d i n e  
and c o r d y c e p i n .  Th i s  r e s u l t  s u g g e s t e d  t h a t  t h e  s y n t h e s i s  
o f  s p e c i f i c  mRNA's f o r  t h e s e  p r o t e i n s  may be  a f f e c t e d  by 
t h e  tumor p r o m o te r .  Most i m p o r t a n t  i s  t h e  f a c t  t h a t  t h e s e  
e v e n t s  a r e  t h e  e a r l i e s t  known t h u s  f a r  t o  o c c u r  a f t e r  
p romo te r  t r e a t m e n t  ( B o u t w e l l ,  1978) .  Verma and B o u t w e l l  
(1977) p r e s e n t e d  s t r o n g  e v i d e n c e  t h a t  ODC i s  an e s s e n t i a l  
component  o f  tumor p r omo t ion  by showing t h a t  r e t i n o i c  a c i d  
when a d m i n i s t e r e d  t o g e t h e r  w i t h  TPA i n h i b i t e d  t umor  
f o r m a t i o n  and a l s o  i n h i b i t e d  t h e  TPA-induced e p i d e r m a l  ODC 
a c t i v i t y .
A s i n g l e  i n j e c t i o n  o f  e i t h e r  3 , 4 - b e n z o p y r e n e ,  a w e l l  
known c a r c i n o g e n ,  o r  p h e n o b a r b i t o l , a t u m o r  p r o m o t e r  
(Diamond a t  a l - /  1 9 8 0 ) ,  h a s  b e e n  shown t o  i n d u c e  h e p a t i c  
ODC a c t i v i t y  i n  r a t s  and mice (Manen a t  a l - /  1978;  R u s s e l l  
and Haddox,  1 9 7 9 ) .  C o l o n  c a r c i n o g e n e s i s  i n d u c e d  by  
a d m i n i s t e r i n g  N - m e t h y l - N ' - n i t r o - N - n i t r o s o g u a n i d i n e  (MNNG) 
r e s u l t e d  i n  a d r a m a t i c  and r a p i d  i n d u c t i o n  o f  c o l o n i c  ODC 
and  SAMD a c t i v i t i e s  (Takano  a t  a l - /  1 9 8 0 ) .  A n d e r s o n  a t
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a l .  ( 1976)  i n d u c e d  mammary c a r c i n o m a s  i n  f e m a l e  r a t s  by 
t h e  u se  o f  a s i n g l e  dose  o f  7,  12 d i m e t h y lb e n z ( © < ) a n t h r a ­
c e n e  (DMBA) and  r e p o r t e d  g r e a t e r  ODC a c t i v i t y  i n  mammary 
t umors  t han  no rma l  mammary g l a n d s .  The c o n c e n t r a t i o n s  o f  
s p e r m i d i n e  and  s p e r m i n e ,  b u t  n o t  p u t r e s c i n e ,  we re  much 
h i g h e r  i n  n e o p l a s t i c  t i s s u e  t h a n  i n  no rma l  c o n t r o l  t i s s u e .  
T rea tm en t  f o r  s e v e r a l  days  w i t h  n o n c a r c i n o g e n i c  d o s e s  o f  
d i e t h y l n i t r o s a m i n e  has  been  r e p o r t e d  t o  c a u se  an a c t i v a ­
t i o n  o f  cAMP d e p e n d e n t  p r o t e i n  k i n a s e  and  s u b s e q u e n t  
i n d u c t i o n  o f  ODC i n  r a t  l i v e r  ( O l s o n  and R u s s e l l ,  1 9 7 9 ) .  
D u r i n g  r e n a l  c a r c i n o g e n e s i s  i n  h a m s t e r  du e  t o  r e p e a t e d  
a d m i n i s t r a t i o n  o f  1 7 - ^ - e s t r a d i o l ,  an i n c r e a s e  i n  ODC, b u t  
n o t  i n  SAMD, a c t i v i t y  was f o u n d  (Nawata  a t  a l * /  1 9 8 0 ) .  
C o n t i n u o u s  e s t r a d i o l  t r e a t m e n t  was r e p o r t e d  t o  p r o d u c e  
i n c r e a s e s  i n  p u t r e s c i n e  and s p e r m i d i n e  c o n t e n t  i n  k i d n e y s  
o f  t h e  t r e a t e d  a n i m a l s ,  w i t h o u t  any s i g n i f i c a n t  d i f f e r e n c e  
i n  t h e  c o n c e n t r a t i o n  o f  spe rmine  (Nawata a t  a l . /  1980) .
Chemopreven t i on  
C h e m o p r e v e n t  i o n  i s  a r e l a t i v e l y  r e c e n t  a p p r o a c h  t o  
c a n c e r  c o n t r o l  i n  w h i c h  p h a r m a c o l o g i c ,  e n d o c r i n e  o r  
n u t r i t i o n a l  m a n i p u l a t i o n s  a r e  u sed  i n  an a t t e m p t  t o  d e l a y  
o r  i n h i b i t  t u m o r  i n d u c t i o n  ( Spo rn  a t  a l . /  1 9 7 6 ) .  In  
c o n t r a s t  t o  c a n c e r  t h e r a p y ,  c h e m o p r e v e n t i o n  i s  t h e  
i n h i b i t i o n  o f  c a n c e r  i n d u c t i o n  p r i o r  t o  t h e  a p p e a ra n c e  o f  
a m a l i g n a n t  l e s i o n .  T h u s ,  c h e m o p r e v e n t i o n  p r o v i d e s  an 
a v e n u e  f o r  c a n c e r  c o n t r o l  w h i c h  i s  c o m p l e m e n t a r y  t o  
t h e r a p e u t i c  m o d a l i t i e s  i n  c u r r e n t  u s e .  The m u l t i s t a g e
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n a t u r e  o f  c a r c i n o g e n e s i s  h a s  p r o d u c e d  two  g e n e r a l  
a p p r o a c h e s  t o  c a n c e r  p r e v e n t i o n .  The f i r s t  a p p r o a c h  
c o n s i s t s  o f  a d m i n i s t r a t i o n  o f  p h a r m a c o l o g i c  a g e n t s  p r i o r  
t o  o r  c o n c o m i t a n t  w i t h  t h e  c a r c i n o g e n  e x p o s u r e  i n  an 
a t t e m p t  t o  i n h i b i t  m e t a b o l i s m  o f  t h e  c a r c i n o g e n  and t h u s  
c a n c e r  i n i t i a t i o n  (W a t t en be r g ,  1983) .  The s econd  g e n e r a l  
a p p r o a c h ,  and  t h e  one  upon w h i c h  my work was f o c u s e d ,  
i n v o l v e s  a d m i n i s t r a t i o n  o f  t h e  p r o t e c t i v e  a g e n t  a f t e r  
c a r c i n o g e n  e x p o s u r e  i n  o r d e r  t o  i n h i b i t  t h e  p o s t ­
i n i t i a t i o n  ph a se ( s )  o f  tumor d e v e l o p m e n t  and g rowth  (Moon 
e t  a l *  t 1983) .  A number o f  d r u g s  a s  w e l l  a s  no rma l  met a ­
b o l i t e s  a r e  b e i n g  u s e d  a t  p r e s e n t  f o r  t h i s  p u r p o s e .  
S e v e r a l  b u t  n o t  a l l  n a t u r a l  and s y n t h e t i c  d e r i v a t i v e s  o f  
v i t a m i n  A, c o l l e c t i v e l y  t e rmed  r e t i n o i d s ,  have  been  found 
t o  i n h i b i t  r a t  mammary g l a n d  c a r c i n o g e n e s i s  i n d u c e d  by 
e i t h e r  DMBA o r  MNU (Moon a £  a l - r  1976 ;  Thompson a t  a l . ,  
1 9 7 9 ,  1 9 8 0 ,  1 9 8 1 ) .  P o l y a m i n e  a n t i m e t a b o l i t e s  a r e  a l s o  
be in g  s t u d i e d  e x t e n s i v e l y  as  a n t i p r o l i f e r a t i v e  and chemo- 
p r e v e n t a t i v e  a g e n t s  ( r e v i e w e d  by  T a b o r  and  T a b o r ,  1984 ;  
J a n n e  a t  a l * r  1 9 83 ;  R u s s e l l ,  1 9 8 4 ) .  D r u g s  l i k e  
a d r i a m y c i n ,  v i n d e s i n e  and i n t e r f e r o n  hav e  a l s o  been  used  
f o r  t h i s  p u r p o se  ( B a r t h o l e y n s  and Koch-Weser  1981;  Sunkara  
e t  a l . ,  1 9 8 3 ,  1 9 8 4 ) .  S e l e n i u m  h a s  a l s o  b e e n  r e p o r t e d  t o  
be  e f f e c t i v e  i n  i n h i b i t i n g  c a r c i n o g e n e s i s  i n  t h e  C3 H/ST 
mouse mammary sy s t e m  ( Sc h r au z e r  a t  a l - r  1980;  Thompson a t  
a l . » 1984 ) .
The f a c t  t h a t  i n h i b i t o r s  o f  p o l y a m i n e  s y n t h e s i s  s l o w
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down t h e  r a t e  o f  tumor  c e l l  p r o l i f e r a t i o n  and y e t  e x h i b i t  
minimal  t o x i c i t y ,  s u g g e s t s  t h a t  t h e s e  compounds may have  
c l i n i c a l  u t i l i t y  ( a l o n e  o r  i n  c o m b i n a t i o n  w i t h  o t h e r  
c h e m o p r e v e n t i v e  a g e n t s )  i n  t h e  t r e a t m e n t  o f  c e r t a i n  t y p e s  
o f  c a n c e r s  (Heby et .  a.1*# 1984). Sinc e  t h e  p r e s e n t  s t u d i e s  
p r i m a r i l y  i n v o l v e  t h e  u s e  o f  DFMO a s  a p o s s i b l e  c hem o-  
p r e v e n t i v e  a g e n t  i n  MNU- induced  b r e a s t  c a r c i n o g e n e s i s ,  
r e l e v a n t  l i t e r a t u r e  p e r t a i n i n g  o n l y  t o  t h e  u s e  o f  p o l y ­
amine a n t i m e t a b o l i t e s ,  a l o n e  o r  i n  c o m b i n a t i o n  w i t h  o t h e r  
c o n v e n t i o n a l  c y t o s t a t i c  a g e n t s ,  i n  t h e  p r e v e n t i o n  o f  
c a n c e r  w i l l  be r e v i e w e d  h e r e .
P r a k a s h  e t  a l .  (1980) r e p o r t e d  t h e  i n h i b i t i o n  o f  EMT6 
mammary t um or  g r o w t h  by  DFMO. F i v e  d a y s  a f t e r  f e m a l e  
B a l b / C  m ic e  we r e  i n o c u l a t e d  s u b c u t a n e o u s l y  w i t h  EMT6 
c e l l s ,  DFMO was p r o v i d e d  a s  a 3% s o l u t i o n  i n  d r i n k i n g  
w a t e r .  T h i s  t r e a t m e n t  p r o d u c e d  80% i n h i b i t i o n  o f  t um or  
w e i g h t  g a i n  by  d a y  27 c o m p a r e d  t o  c o n t r o l s .  The ODC 
a c t i v i t y  and p u t r e s c i n e  and s p e r m i d i n e  c o n c e n t r a t i o n s  were 
d e c r e a s e d  i n  t umor s  o f  DFMO-t rea ted  mice wherea s  spe rm ine  
c o n c e n t r a t i o n s  w e re  u n a f f e c t e d  and SAMD a c t i v i t y  was 
s t i m u l a t e d .  The i n h i b i t o r y  e f f e c t s  o f  DFMO on t u m o r  
g rowth  were s i m i l a r  t o  t h o s e  o b t a i n e d  w i t h  we ek ly  d o se s  o f  
cy c lo ph o sp ha mi de  ( 1 0 0  mg/kg i . p .  b e g i n n i n g  on day  6 p o s t ­
i n o c u l a t i o n ) .  The c o m b i n a t i o n  o f  c y c l o p h o s p h a m i d e  p l u s  
DFMO caused  t h e  same o r  g r e a t e r  i n h i b i t i o n  o f  tumor  g rowth  
t h an  e i t h e r  t r e a t m e n t  a l o n e .  T h e i r  r e s u l t s  s u g g e s t e d  t h a t  
DFMO t r e a t m e n t  i s  an  e f f e c t i v e  n o n - t o x i c  m e t h o d  o f
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i n h i b i t i n g  tumor g rowth  by a mechanism i n v o l v i n g  p o l y a m i n e  
d e p l e t i o n .
Cha pman  ( 1 9 8 0 )  e v a l u a t e d  t h e  a n t i p r o l i f e r a t i v e  
e f f e c t s  o f  v i t a m i n  A a n a l o g s  and DFMO in  c u l t u r e d  n e u r o ­
b l a s t o m a  a n d  g l i o m a  c e l l s .  Her  r e s u l t s  s h o w e d  a 
c o r r e l a t i o n  b e t w e e n  t h e  i n h i b i t i o n  o f  g r o w t h  a n d  
i n h i b i t i o n  o f  ODC a c t i v i t y  i n  b o t h  c e l l  l i n e s  t r e a t e d  w i t h  
t h e  r e t i n o i d s .  DFMO, by  i t s e l f ,  d i d  n o t  t o t a l l y  a r r e s t  
t um or  g r o w t h  a t  c o n c e n t r a t i o n s  o f  5 mM, h o w e v e r ,  t h e  
a n t i t u m o r  e f f e c t s  o f  DFMO were enhanced  w i t h  t h e  a d d i t i o n  
o f  r e t i n o l .  An e a r l i e r  and l e s s  c o m p l e t e  c y t o s t a t i c  
r e s p o n s e  was o b s e r v e d  i n  g l i o m a  c e l l s  w h i c h  had  b e e n  
t r e a t e d  w i t h  a c o m b i n a t i o n  o f  100 j j M r e t i n o l  and 5mM DFMO 
t h a n  i n  c e l l s  w h i c h  had b e e n  t r e a t e d  w i t h  e i t h e r  a g e n t  
a l o n e .
Marton e t  a l .  (1981)  r e p o r t e d  t h e  p o t e n t i a t i o n  o f  t h e  
a n t i t u m o r  t h e r a p e u t i c  e f f e c t s  o f  l , 3 - b i s ( 2 - c h l o r o e t h y l ) - l -  
n i t rosourea(BCNU) by DFMO in  a n i m a l s  b e a r i n g  mur ine  g l i o m a  
26 and r a t  9L g l i o s a r c o m a  i n t r a c e r e b r a l  t umor s .  Whi l e  t h e  
u s e  o f  DFMO a l o n e  had l i t t l e  o r  no e f f e c t  a g a i n s t  t h e s e  
t u m o r s ,  p r e t r e a t m e n t  w i t h  DFMO b e f o r e  a d m i n i s t r a t i o n  o f  
BCNU p o t e n t i a t e d  t h e  c y t o t o x i c  e f f e c t  o f  t h e  l a t t e r .  
B a r t h o l e y n s  a n d  K o c h - W e s e r  ( 1 9 8 1 )  s h o w e d  e n h a n c e d  
i n h i b i t i o n  o f  tumor g rowth  in  t h r e e  d i f f e r e n t  a n im a l  model  
sy s t e ms  by t h e  combined t r e a t m e n t  o f  tumor b e a r i n g  a n i m a l s  
w i t h  DFMO and  a d r i a m y c i n  o r  v i n d e s i n e .  The b e s t  r e s u l t s  
we re  o b t a i n e d  i n  L 1 2 1 0  l e u k e m i a  w he r e  c o m b i n a t i o n  o f
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chemothe rapy  w i t h  a d r i a m y c i n  and DFMO r e s u l t e d  in  a marked 
i n c r e a s e  i n  s u r v i v a l  t i m e  and  a p p r o x i m a t e l y  a 30% c u r e  
r a t e .  The c u r a t i v e  a c t i o n  c o u l d  n o t  hav e  been  p r e d i c t e d  
f rom t h e  e f f e c t s  o f  e i t h e r  d rug  g i v e n  a l o n e .
T a k i g a w a  a l -  (1982, 1983) r e p o r t e d  i n h i b i t i o n  o f  
T PA - p r o m o te d  mouse  s k i n  t u m o r s  by t h e  u s e  o f  DFMO. DFMO 
was e i t h e r  a p p l i e d  t o  t h e  s k i n  (0.3 mg i n  0.2 ml s o l v e n t )  
o r  a d m i n i s t e r e d  i n  d r i n k i n g  wa t e r  ( 1 % w/v)  in  c o n j u n c t i o n  
w i t h  a p p l i c a t i o n s  o f  TPA t o  t h e  s k i n  o f  m ic e  p r e v i o u s l y  
t r e a t e d  w i t h  t h e  c a r c i n o g e n  DMBA. T h i s  t r e a t m e n t  i n h i b i t e d  
t h e  f o r m a t i o n  o f  mouse  s k i n  p a p i l l o m a s  by  50 and 90%, 
r e s p e c t i v e l y .  TPA-induced ODC a c t i v i t y  and a c c u m u l a t i o n  
o f  p u t r e s c i n e  i n  t h e  mouse s k i n  e p i d e r m i s  were c o m p l e t e l y  
i n h i b i t e d .  Foza rd  and P r a k a s h  (1982) s t u d i e d  t h e  e f f e c t s  
o f  DFMO on r a t  mammary t u m o r s  i n d u c e d  by  DMBA. DFMO (2% 
w / v  i n  t h e  d r i n k i n g  w a t e r )  g i v e n  30 d a y s  a f t e r  t h e  
a d m i n i s t r a t i o n  o f  DMBA p rodu ced  g r e a t e r  t h a n  90% r e d u c t i o n  
i n  t h e  t o t a l  number  o f  t u m o r s .  When DFMO was g i v e n  t o  
r a t s  b e a r i n g  a t  l e a s t  one p a l p a b l e  tumor i t  s i g n i f i c a n t l y  
s l owed  t h e  r a t e  o f  a p p e a r a n c e  o f  new tumor s  w i t h  l i t t l e  o r  
no e f f e c t  on t h e  g rowth  o f  e x i s t i n g  t umors .  Whi le  c y c l o ­
p h o s p h a m i d e  ( 1 0 0  mg/kg)  by  i t s e l f  d i d  n o t  a f f e c t  e i t h e r  
t h e  r a t e  o f  g r o w t h  o r  t h e  a p p e a r a n c e  o f  new t u m o r s ,  i n  
c o m b i n a t i o n  w i t h  DFMO i t  r e s u l t e d  i n  r e g r e s s i o n  o f  a 
m a j o r i t y  o f  t umors  e x i s t i n g  a t  t h e  s t a r t  o f  t r e a t m e n t  and 
a marked  r e d u c t i o n  i n  t h e  r a t e  o f  a p p e a r a n c e  o f  new 
t u m o r s .
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Weekes g.£. a l .  ( 1982)  s t u d i e d  t h e  e f f e c t  o f  DFMO on 
t h e  p rom o t i on  o f  mouse s k i n  t umor s .  E a r l i e r  r e s u l t s  from 
t h e i r  l a b o r a t o r y  had shown t h e  p r o m o t i o n  t o  be  a two s t a g e  
p r o c e s s  ( S l a g a  a t  a l . /  1 9 8 0 a ,  1 9 8 0 b ) .  The f i r s t  s t a g e  
c o u l d  be  e f f e c t i v e l y  p r o m o t e d  by  l i m i t e d  a p p l i c a t i o n  o f  
TPA. M e z e r e i n ,  a d i t e r p e n e  s i m i l a r  t o  TPA was a weak 
p r o m o t e r  when u s e d  a l o n e  b u t  was a p o t e n t  a g e n t  when 
a d m i n i s t e r e d  f o l l o w i n g  TPA. The a d m i n i s t r a t i o n  o f  DFMO in  
t h e  s econd  s t a g e  o f  a t w o - s t a g e  (TPA-mezerein)  p romo t ion  
p r o t o c o l  r e d u c e d  t u m o r  s i z e ,  i n h i b i t e d  t h e  number  o f  
p a p i l l o m a s  p e r  m o u s e  b y  6 5 - 7 0 % ,  a n d  d e c r e a s e d  t h e  
p e r c e n t a g e  o f  tumor b e a r i n g  mice by 40%.
S u n k a r a  a £  a l *  ( 1983)  r e p o r t e d  t o t a l  o r  n e a r  t o t a l  
s u p p r e s s i o n  o f  t u m o r  g r o w t h  i n  m ice  i n o c u l a t e d  w i t h  B16 
me lanoma  c e l l s  r e c e i v i n g  DFMO and i n t e r f e r o n  t r e a t m e n t .  
O r a l  a d m i n i s t r a t i o n  o f  DFMO a l o n e  s u p p r e s s e d  B16 melanoma 
d e v e l o p m e n t  i n  mice by 85%, whe rea s  i n t e r f e r o n  g i v e n  su b -  
c u t a n e o u s l y ,  by i t s e l f ,  i n h i b i t e d  tumor g rowth  o n l y  24%. 
However ,  i n  L1210 Leukemia (a c o n d i t i o n  i n  which t h e  tumor 
c e l l s  a r e  r a p i d l y  d i v i d i n g ) ,  t h e  two a g e n t s  d i d  n o t  show 
a n y  s t r i k i n g  a n t i t u m o r  a c t i v i t y  ( S u n k a r a  a£. a l . /  1 9 8 3 ) .  
Hence,  t h e  e f f e c t i v e n e s s  o f  DFMO and i n t e r f e r o n  may v a r y  
w i t h  t h e  t y p e  o f  t u m o r  and t h e  g r o w t h  r a t e .  S u n k a r a  a t  
a l .  ( 1984 )  r e p o r t e d  p o t e n t i a t i o n  o f  a n t i t u m o r  and a n t i ­
m e t a s t a t i c  a c t i v i t i e s  o f  DFMO a g a i n s t  B16 me l ano ma  and  
Lewi s  l u n g  c a r c i n o m a  i n  m ic e  by  i n d u c e r s  o f  i n t e r f e r o n
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such  a s  t i l o r o n e  and p o l y r i b o i n o s i n i c . p o l y r i b o c y t i d y l i c  
a c i d  c o m p l e x  [ P o l y ( I )  . P o l y ( C )  ] .  I t  was s u g g e s t e d  t h a t  
enhancement  o f  h o s t  immune r e s p o n s e  o r  i n t e r f e r o n - m e d i a t e d  
c y t o t o x i c i t y  may be  r e s p o n s i b l e  f o r  t h e  o b s e r v e d  m ark ed  
s u p p r e s s i o n  o f  t u m o r  g r o w t h .  K i n g s n o r t i .  e t  a_l_. ( 1983)  
d e m o n s t r a t e d  t h e  r e d u c t i o n  i n  c o l o n  t u m o r  i n c i d e n c e  i n  
mice (g iv en  we ek l y  i n j e c t i o n s  o f  2 - d i m e t h y l h y d r a z i n e  DMH) 
by t h e  admin  i s t  r a t  i n  o f  1% DFMO i n  d r i n k i n g  w a t e r  f o r  28 
we ek s .  They  s u g g e s t e d  t h a t  DFMO t r e a t m e n t  c a u s e d  r e ­
d u c t i o n  i n  c o l o n i c  ODC a c t i v i t y  and  p o l y a m i n e  c o n c e n ­
t r a t i o n s  w h i c h  i n  t u r n  p r e v e n t e d  p r o l i f e r a t i o n  c h a n g e s  
i n d u c e d  by  DMH and  r e d u c e d  t h e  i n c i d e n c e  o f  t u m o r s .  The 
s t u d i e s  o f  H e r r  and  K l e i n e r t  ( 1984 )  d e m o n s t r a t e d  t h e  
i n h i b i t i o n  o f  R3327-G p r o s t a t i c  t um o r  g r o w t h  w i t h  a com­
b i n a t i o n  o f  DFMO and  MGBG. DFMO p o t e n t i a t e d  t h e  i n h i b ­
i t o r y  e f f e c t  o f  MGBG a t  a d o s a g e  (15  mg /kg )  t h a t  was 
i n e f f e c t i v e  when u s e d  a l o n e .  They  s u g g e s t e d  t h a t  DFMO 
r e d u c e d  t h e  t o x i c i t y  o f  MGBG, p o s s i b l y  by  r e d u c i n g  t h e  
i n t r a c e l l u l a r  a c c u m u l a t i o n  o f  p u t r e s c i n e  w h i c h  r e s u l t s  
when SAMD i s  b l o c k e d  by MGBG a l o n e .
B r e a s t  Cancer
B r e a s t  c a n c e r  i s  t h e  l e a d i n g  c a u s e  o f  c a n c e r  
m o r t a l i t y  among A m e r i c a n  women ( P i e r c e  e t  a l . ,  1 9 7 8 ) .  
Twenty s e v e n  p e r c e n t  o f  a l l  m a l i g n a n t  ne o p l a sm s  in  women 
a r e  b r e a s t  c a n c e r s .  D u c t  a d e n o c a r c i n o m a s  a r e  t h e  mo s t  
f r e q u e n t l y  o c c u r i n g  h i s t o l o g i c a l  t y p e ,  and  m e d u l l a r y  
c a r c i n o m a s  t h e  s e c o n d  mo s t  f r e q u e n t  t y p e  (Rudon,  1 9 8 1 ) .
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T h e r e  h a s  b e e n  o n l y  a s l i g h t  i m p r o v e m e n t  i n  p a t i e n t  
s u r v i v a l ,  s i n c e  t h e  o v e r a l l  a v e r a g e  5 ye a r  s u r v i v a l  went  
f r o m  60 t o  65% i n  w h i t e  women and  40 t o  50% f o r  b l a c k  
women from t h e  e a r l y  1950 ' s  t o  t h e  e a r l y  1970 ' s  (Henderson 
and  C a n e l l o s e ,  1 9 8 0 ) .  T h e s e  f a c t s  p o i n - t o  an o b v i o u s  
n e e d  f o r  new a p p r o a c h e s  t o  b r e a s t  c a n c e r  p r e v e n t i o n  and  
c o n t r o l .  I n t e r e s t  i n  b r e a s t  c a n c e r  p r e v e n t i o n  ha s  grown 
s t e a d i l y  d u r i n g  t h e  l a s t  few y e a r s ,  a s  a t t e n t i o n  c o n t i n u e s  
t o  s h i f t  f rom t h e  b i o l o g y  and t r e a t m e n t  o f  i n v a s i v e  b r e a s t  
c a n c e r  t o  e a r l y  c l i n i c a l  d e t e c t i o n ,  r e c o g n i t i o n  o f  p r e -  
m a l i g n a n t  d i s e a s e ,  and i d e n t i f i c a t i o n  o f  h i g h  r i s k  women. 
The i n d u c t i o n  o f  mammary c a n c e r  i n  t h e  f e m a l e  S p r a g u e -  
D a w l e y  r a t  by  a s i n g l e  i . v  d o s e  o f  MNU p r o v i d e s  a u s e f u l  
m o d e l  f o r  t h e  e x p e r i m e n t a l  s t u d y  o f  b r e a s t  c a n c e r  
(McCormick a l . . ,  1981) .  Tumor i n d u c t i o n  i n  t h i s  model  
i s  r e l a t i v e l y  s p e c i f i c  f o r  t h e  mammary g l a n d  and  t h e  
i nduced  t umor s  m e t a s t a s i z e  t o  d i s t a n t  s i t e s .  Comparab le  
r e s u l t s  were o b t a i n e d  by s . c .  i n j e c t i o n  o f  MNU i n s t e a d  o f
i . v .  i n j e c t i o n  (Thompson and  M e e k e r ,  1 9 8 3 ) .  The a im  o f  
t h e  p r e s e n t  s t u d y  was t o  d e t e r m i n e  whe the r  m o d u l a t i o n  o f  
p o l y a m i n e  b i o s y n t h e s i s  c o u l d  be u sed  i n  t h e  p r e v e n t i o n  o f  
MNU- induced  r a t  mammary c a r c i n o g e n e s i s .  The f o l l o w i n g  
s p e c i f i c  o b j e c t i v e s  were p u r s u e d  t o  a c h i e v e  t h i s  g o a l :
(1)  To d e v e l o p  a c e l l  i s o l a t i o n  t e c h n i q u e  s u i t a b l e  f o r  
t h e  e v a l u a t i o n  o f  p o l y a m i n e  c o n c e n t r a t i o n s  i n  mammary 
e p i t h e l i a l  c e l l s .
(2) To s t u d y  p o l y a m i n e  b i o s y n t h e s i s  d u r i n g  t h e  p o s t ­
25
i n i t i a t i o n  s t a g e  o f  MNU- induced  mammary c a r c i n o g e n e s i s ,  
p r i o r  t o  t h e  a p p e a r a n c e  o f  d e t e c t a b l e  t umor s .
(3) To d e t e r m i n e  t h e  e x t e n t  t o  w h i c h  a c t i v i t i e s  o f  ODC 
and  t h e  c o n c e n t r a t i o n s  o f  p u t r e s c i n e ,  s p e r m i d i n e  and 
spe rm ine  change  d u r i n g  mammary tumor  growch.
(4)  To e s t a b l i s h  w h e t h e r  DFMO i n h i b i t s  t h e  p o s t ­
i n i t i a t i o n  s t a g e s  o f  MNU-induced mammary c a r c i n o g e n e s i s .
(5) To d e t e r m i n e  whe the r  t h e  i n h i b i t o r y  a c t i v i t y  o f  DFMO 
a g a i n s t  M N U - i n d u c e d  mammary c a r c i n o g e n e s i s  c a n  b e  
a c c o u n t e d  f o r  by  a m o d u l a t i o n  o f  p o l y a m i n e  b i o s y n t h e s i s  
and r e v e r s e d  by t h e  f e e d i n g  o f  p u t r e s c i n e .
I I .  MATERIALS AND METHODS
Animals  and p i g.t  
V i r g i n  f e m a le  Sprague-Dawley  r a t s  we~e o b t a i n e d  from 
T a c o n i c  F a r m s ,  Ge r man tow n ,  NY. Upon a r r i v a l  t h e y  we re  
q u a r a n t i n e d  f o r  7 d a y s .  The a n i m a l s  we re  h o u s e d  i n  w i r e  
mesh ca g e s  (4 r a t s / c a g e )  i n  a c o n t r o l l e d  e n v i r o n m e n t  room 
a t  25°C and 50 % r e l a t i v e  h u m i d i t y  w i t h  a 12 h r  l i g h t / d a r k  
c y c l e .  D i s t i l l e d  w a t e r  and t h e  b a s a l  d i e t  (m od i f i ed  AIN- 
76 d i e t ,  T a b l e  1) w e r e  p r o v i d e d  a d  1 i b i t u m  e x c e p t  when 
d e s c r i b e d .
T ab l e  I
Compos i t i on  o f  Mod i f i ed  AIN-76 d i e t ^
C o n t e n t s  P e r c e n t a g e  o f  d r y  we igh t
Ca se in  17 .1
Corn o i l  5 . 0
D e x t r o s e  34.55
Corn S t a r c h  33 .15
M in e r a l  Mix 3 .5
Vi tamin Mix 1 .0
C e l l u l o s e  5 .0
C h o l in e  C h l o r i d e  0 .4
DL-me th ion ine  0 .3
Ad Hoc C o m m i t t e e  on S t a n d a r d s  f o r  N u t r i t i o n a l  
S t u d i e s ,  S t a n d a r d s  f o r  N u t r i t i o n a l  S t u d i e s ,  J .  N u t r .  
1 1 0 : 1 7 2 6 ,  1980.
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E p i t h e l i a l  Cel l  Ispl at ioa 
The r a t s  we re  k i l l e d  by  i n h a l a t i o n  o f  CC>2 . A f t e r  
r e m o v i n g  t h e  l ymph  n o d e s ,  t u m o r s  o r  a b d o m i n a l  i n g u i n a l  
g l a n d s  we r e  e x c i s e d  r a p i d l y  and p l a c e d  on c h i l l e d  p e t r i  
d i s h e s .  T h e r e a f t e r ,  a l l  p r o c e d u r e s  were c r r i e d  o u t  a t  0-  
4°C u n l e s s  o t h e r w i s e  n o t e d .  One o f  t h e  f o l l o w i n g  two 
p r o c e d u r e s  were u sed  f o r  i s o l a t i o n  o f  e p i t h e l i a l  c e l l s .  
C o l  l a g e n a s e  D i g e s t i o n
C o l l a g e n a s e  d i g e s t i o n  o f  mammary g l a n d  t i s s u e  was 
c a r r i e d  o u t  b y  t h e  p r o c e d u r e  o f  Moon a.I* ( 1 9 6 9 )
m o d i f i e d  f o r  s m a l l  t i s s u e  s a m p le s .  The abdomina l  i n g u i n a l  
g l a n d s  we re  e x c i s e d ,  m in c ed  f i n e l y  i n  2 - 3  ml o f  0 . 25  M 
s u c r o s e  and  i n c u b a t e d  i n  7 ml o f  medium 199 (pH 7.0)  and 
10 mg co  1 l a g e n a s e / g  t i s s u e  w e i g h t  f o r  90 min a t  37°C i n  a 
v i g o r o u s l y  s h a k i n g  w a t e r b a t h .  The d i g e s t  was vacuum 
f i l t e r e d  t h r o u g h  2 l a y e r s  o f  #109  mesh n y l o n .  Mammary 
e p i t h e l i a l  c e l l s  were s e p a r a t e d  from f a t  c e l l s  by c e n t r i ­
f u g a t i o n  a t  400 x g and  f o r  10 min .  The c e l l  p e l l e t  was 
wa shed  t w i c e  w i t h  medium 199 and c e l l s  w e re  c h e c k e d  f o r  
v i a b i l i t y  by Trypan Blue  dye e x c l u s i o n .  For  t h e  i s o l a t i o n  
o f  c e l l s  f r o m mammary t u m o r s ,  20  mg o f  c o l l a g e n a s e  p e r  g 
o f  tumor t i s s u e  was used  i n  t h e  d i g e s t i o n  p r o c e d u r e ,  
g n l l a g s n a s e and T r y p s i n  D i g e s t i o n
M o d i f i c a t i o n s  o f  t h e  d i g e s t i o n  p r o c e d u r e  o f  Mi na s i an  
and  J a b a r a  (1974)  w e re  e m p l o y e d  i n  t h e s e  e x p e r i m e n t s .  A 
one  g r am s a m p l e  o f  m in c e d  mammary g l a n d  t i s s u e ,  o r  0.5 g 
o f  m in c ed  t um or  t i s s u e ,  was a d d e d  t o  5 ml  o f  medium 1 99 ,
28
pH 7 . 4 ,  c o n t a i n i n g  50 mg o f  c o l l a g e n a s e  and  0 .1  ml o f  
12.5% (w/v)  t r y p s i n  and i n c u b a t e d  f o r  20 min a t  37°C w i t h  
v i g o r o u s  s h a k i n g .  The r ema in ing  p r o c e d u r e s  o f  f i l t r a t i o n ,  
c e n t r i f u g a t i o n  and washing  o f  t h e  c e l l s  were i d e n t i c a l  t o  
t h o s e  employed i n  t h e  d i g e s t i o n  w i t h  c o l l a g e n a s e  d e s c r i b e d  
a b o v e .
O m i t  bi n a D e c a r b o x y l a s e  Assay  
The a s s a y  f o r  o r n i t h i n e  d e c a r b o x y l a s e  (ODC) was 
p e r f o r m e d  by  a s l i g h t  m o d i f i c a t i o n  o f  t h e  p r o c e d u r e  o f  
B r a n c a  and  H e r b s t  ( 1 9 8 0 ) .  A 4 0 , 0 0 0  x g s u p e r n a t a n t  o f  a 
2 0 % ( w / v )  s o n i c a t e  o f  w h o l e  mammary g l a n d ,  mammary
e p i t h e l i a l  c e l l s  o r  r a t  l i v e r  p r e p a r e d  i n  50 mM T r i s  HC1, 
pH 7 .2 ,  0.1 mM e t h y l e n e d i a m i n e - t e t r a c e t a t e  (EDTA), 5.0 mM
d i t h i o t h r e o t o 1 (DTT), 0.05 mM p y r i d o x a l  5s p h o s p h a t e  (PLP) 
(TAB) was a s s a y e d  f o r  ODC. The enzyme a c t i v i t y  was 
d e t e r m i n e d  by m ea su r in g  t h e  r e l e a s e  o f  ^ C 02  f rom DL-[1~ 
- ^C]  o r n i t h i n e .  The i n c u b a t i o n  m i x t u r e  c o n t a i n e d  i n  a 
f i n a l  v o l u m e  o f  0 . 2 5  m l ,  0 . 2  ml  o f  t i s s u e  o r  c e l l  
s u p e r n a t a n t  i n  TAB and  0 .05  ml o f  1 . 0  mM L - o r n i t h i n e ,  
c o n t a i n i n g  0 . 2 5  y Ci  o f  D L - [ 1 - ^ ^ C ] - o r n i t h i n e  (30  
mCi/mmole) .  I n c u b a t i o n s  were c a r r i e d  ou t  f o r  1 h a t  37°C 
i n  15 ml  r o u nd  b o t t o m e d  c e n t r i f u g e  t u b e s  e q u i p p e d  w i t h  a 
r u b b e r  s e p t u m - p o  1 y e t h y  1 e n e  c e n t e r - w e l l  a s s e m b l y  (Kontes  
G l a s s  Co . ,  V i n e l a n d ,  N J ) . A one  cm^ f o l d e d  f i l t e r  p a p e r  
s o a k e d  w i t h  50 p i  o f  NCS s o l u b i l i z e r  was p l a c e d  i n  t h e  
c e n t e r - w e l l  a s  a CC>2 t r a p p i n g  a g e n t .  The r e a c t i o n  was 
t e r m i n a t e d  and CC>2 was r e l e a s e d  f ro m t h e  a s s a y  medium by
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t h e  a d d i t i o n  o f  0 . 25  ml  o f  0.2 M H2 SO4 . The i n c u b a t i o n  
was c o n t i n u e d  f o r  a n o t h e r  30 min t o  e n s u r e  c o m p l e t e  
r e l e a s e  and  a b s o r p t i o n  o f  CC^. The f i l t e r  p a p e r  was 
t r a n s f e r r e d  t o  a s c i n t i l l a t i o n  v i a l  w i t h  1 0  ml  
s c i n t i l l a t i o n  f l u i d  c o n t a i n i n g  4 g / l  Omnif_uor  in  t o l u e n e .  
The  r a d i o a c t i v i t y  was  c o u n t e d  i n  a Be ckman  l i q u i d  
s c i n t i l l a t i o n  sy s t e m ,  Model  LS 7000.  By d e f i n i t i o n ,  one 
u n i t  o f  ODC i s  t h e  a c t i v i t y  t h a t  r e l e a s e s  one  n m o l e  o f  CO2 
p e r  h o f  i n c u b a t i o n .
P-pl y a mi n e and dna A n a l y s i s
These  a n a l y s e s  were pe r fo rm ed  e i t h e r  on whole  mammary 
g l a n d  t i s s u e  o r  on c e l l  p e l l e t s  o b t a i n e d  a f t e r  t h e  
e n zy m a t i c  d i g e s t i o n  o f  mammary g l a n d  t i s s u e  and e p i t h e l i a l  
c e l l  i s o l a t i o n  p r o c e d u r e s .  I n  t h e  f o r m e r  c a s e  a 10% 
s o n i c a t e  o f  mammary g l a n d  was made i n  0.2 N s u l f o s a l i c y l i c  
a c i d  (SSA) o r  0.2 N p e r c h l o r i c  a c i d  (PCA). I n  t h e  l a t t e r  
c a s e ,  1 ml o f  0.2 N PCA o r  0.2 N SSA was a d d e d  t o  t h e  c e l l  
p e l l e t  and s o n i c a t e d  f o r  10 s e c .  The r e s u l t i n g  homogenates  
we re  l e f t  on i c e  f o r  1 h r  o r  l o n g e r ,  c e n t r i f u g e d  a t  1 0 0 0  x 
g f o r  5 min .  The s u p e r n a t a n t  was s t o r e d  a t  - 2 0 ° C  t o  be  
u s e d  l a t e r  f o r  p o l y a m i n e  a n a l y s i s .  The p r e c i p i t a t e  was 
a n a l y s e d  f o r  DNA.
Ealyaminei?
The  a n a l y s i s  o f  p o l y a m i n e s  was  p e r f o r m e d  by  
m o d i f i c a t i o n  o f  t h e  S e i l e r  a n d  W e i c h m a n n  ( 1 9 6 7 )  
f l u o r e s c e n c e - s c a n n i n g  me t hod  f o r  d a n s y l  d e r i v a t i v e s  o f  
p o l y a m i n e s  a s  d e s c r i b e d  p r e v i o u s l y  ( H e r b s t  and D i o n ,
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1 9 7 0 ) .  The s a m p l e s  we re  t h aw ed  and 0.2 ml  o f  t h e  PCA o r  
SSA e x t r a c t  o r  a p o l y a m i n e  s t a n d a r d  (50-400 pmol) i n  0.2 N 
PCA o r  SSA, p l u s  0 .4  ml (20 mg/ml )  d a n s y l - c h l o r i d e  in  
a c e t o n e ,  and 30 mg NaHCO-j were mixed and a l l o w e d  t o  r e a c t  
f o r  1 6 - 2 4  h i n  t h e  d a r k  a t  room t e m p e r a ' u r e .  A 0 .1  ml  
a l i q u o t  o f  aqueous  p r o l i n e  s o l u t i o n  ( 1 0 0  mg/ml) was added 
t o  r e a c t  w i t h  t h e  e x c e s s  d a n s y l  c h l o r i d e .  A f t e r  1 h ,  
a c e t o n e  was removed l a  v a c u o , and 0.5 ml a n a l y t i c a l  g r a d e  
t o l u e n e  was added t o  e x t r a c t  t h e  d a n s y l  amines .  The t u b e s  
we re  mixed  w e l l  and  c e n t r i f u g e d  a t  1 0 0 0  x g f o r  20  min a t  
4°C t o  s e p a r a t e  t h e  two l a y e r s .  Ten o r  f i f t e e n  u l  o f  t h e  
t o l u e n e  l a y e r  was a p p l i e d  w i t h  a G i l s o n  P i p e t m a n  t o  a 
p r e c o a t e d  s i l i c a  g e l  TLC p l a t e  (Whatman LKS, L i n e a r - K ,  
s i l i c a  g e l  o r  Baker  SI250-PA) and p l a t e s  were d e v e l o p e d  in  
e t h y l  a c e t a t e : e y e l o h e x a n e  ( 2 : 3 ) .  The p l a t e s  we r e  a i r  
d r i e d  f o r  a few m in u t e s  and sp r a ye d  w i t h  10  ml o f  t r i e t h -  
a n o l a m i n e : i s o p r o p a n o 1 (1 : 4 )  t o  e n h a n c e  t h e  f l u o r e s c e n c e  
i n t e n s i t y  o f  d a n s y l a t e d  a m i n e s .  The p l a t e s  w e re  t h e n  
d r i e d  u n d e r  vacuum f o r  on e  h a t  25°C.  A r e a  o f  d a n s y l  
p o l y am i ne  f l u o r e s c e n c e  on t h e  p l a t e s  was q u a n t i f i e d  w i t h  a 
Shimadzu (model  CS-920) h i g h  speed  TLC s c a n n e r .
DM
The c o n t e n t  o f  DNA was d e t e r m i n e d  by  t h e  p r o c e d u r e  
o f  Bur ton  (1956) .  To t h e  p e l l e t  ( o b t a i n e d  a f t e r  removing  
t h e  s u p e r n a t a n t  f o r  po l y am i n e  a n l a y s i s ) ,  1 o r  2 ml o f  0.3  
N PCA was a d d e d .  The c o n t e n t s  we re  mixe d  by  s t i r r i n g  and  
h y d r o l y s e d  a t  90°C f o r  30 min.  The t u b e s  were c e n t r i f u g e d
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a t  1200 x g ,  4°C f o r  10 min .  E i t h e r  0.2 o r  0.5 ml o f  
s u p e r n a t a n t  ( d e p e n d i n g  upon t h e  w e i g h t  o f  t i s s u e  i n  t h e  
s a m p l e )  was made up t o  1 ml w i t h  PCA so t h a t  t h e  f i n a l  
c o n c e n t r a t i o n  o f  PCA was 0.5 N. A s e t  o f  s t a n d a r d s  was 
a l s o  s e t  up i n  t h e  r a n g e  o f  20 t o  100 >ug DNA/ml o f  0 .5  N 
PCA. To e a c h  t u b e  2 ml  o f  d i p h e n y  l a m i n e  (DPA) s o l u t i o n  
(made f r e s h  c o n t a i n i n g  0.6 g DPA, 40 ml g l a c i a l  a c e t i c  
a c i d ,  0 . 6  ml  c o n c e n t r a t e d  H 2 S 0 ^  a n d  0 .2  ml  o f  1.6% 
a c e t a l d e h y d e  s o l u t i o n )  was added.  The c o n t e n t s  were mixed 
on a V o r t e x  m i x e r  and  k e p t  i n  d a r k  f o r  1 5 - 1 7  h t o  o b t a i n  
maximum d e v e l o p m e n t  o f  t h e  b l u e  c o l o r .  The a b s o r b a n c e  was 
measured a t  595 nm.
I n d u c t i o n  and Chemopreven t i on  o f  Mammary Tumors
For  t h e  i n d u c t i o n  o f  mammary t um o r s ,  50 day  o l d  r a t s  
we re  g i v e n  a s u b c u t a n e o u s  i n j e c t i o n  o f  50 mg/kg  bo dy  
we igh t  1 - m e t h y l - 1 - n i t r o s o u r e a  (MNU) d i s s o l v e d  i n  a c i d i f i e d  
s a l i n e  s o l u t i o n  (0.9% N a C l ,  pH 4.0)  a c c o r d i n g  t o  p r e ­
v i o u s l y  p u b l i s h e d  p r o c e d u r e s  (Thompson and Meeker ,  1983) .  
The c o n t r o l  r a t s  o f  t h e  same age  r e c e i v e d  an i n j e c t i o n  o f
0.9% s a l i n e  s o l u t i o n  (pH 4 . 0 ) .  F o r  c h e m o p r e v e n t i o n  
s t u d i e s ,  a t  57 days  o f  a ge ,  s a l i n e  and c a r c i n o g e n - t r e a t e d  
r a t s  were r andomly  a s s i g n e d  t o  one o f  two t r e a t m e n t s :  t h e
c o n t r o l  t r e a t m e n t ,  which i n v o l v e d  no change  from t h e  con ­
d i t i o n s  d e s c r i b e d  un d e r  t h e  An ima l s  and D i e t  s e c t i o n ,  and 
t h e  DFMO t r e a t m e n t  where  t h e  a n i m a l s '  d r i n k i n g  wa t e r  co n ­
t a i n e d  a s o l u t i o n  o f  1% DFMO ( w / v ) .  The r a t s  we re  m a i n ­
t a i n e d  u n t i l  t h e  e x p e r i m e n t  was t e r m i n a t e d  180 days  a f t e r
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i n j e c t i o n  o f  MNU. The 1% c o n c e n t r a t i o n  o f  DFMO i n  t h e  
d r i n k i n g  w a t e r  was c h o s e n  on t h e  b a s i s  o f  p r e l i m i n a r y  
s t u d i e s  i n  w h i c h  t h e  maximum d o s a g e  o f  DFMO t o l e r a t e d  by 
t h e  a n i m a l s  w i t h o u t  w e i g h t  l o s s  o r  t o x i c i t y  symptoms was 
a s c e r t a i n e d .
A f t e r  a d m i n i s t r a t i o n  o f  t h e  c a r c i n o g e n ,  a n i m a l s  were 
p a l p a t e d  f o r  t h e  d e t e c t i o n  o f  mammary t u m o r s  t w i c e  e a c h  
week and weighed we ek l y .  Food and wa t e r  i n t a k e  o f  s a l i n e -  
i n j e c t e d  a n i m a l s  was q u a n t i t a t e d  p e r i o d i c a l l y .  At  t h e  
t e r m i n a t i o n  o f  t h e  e x p e r i m e n t ,  a n e c r o p s y  was p e r f o r m e d  
and  t u m o r s  we r e  r e m o v e d  and  p r o c e s s e d  f o r  h i s t o l o g i c a l  
c l a s s i f i c a t i o n  a c c o r d i n g  t o  t h e  c r i t e r i a  o f  Young and 
H a l l o w e s  ( 1 9 7 3 ) .  H e m a t o c r i t s ,  and  l i v e r ,  s p l e e n ,  o v a r y  
and u t e r i n e  w e i g h t s  were a l s o  d e t e r m i n e d .  P e r c h l o r i c  a c i d  
e x t r a c t s  o f  mammary t umors  and i s o l a t e d  mammary e p i t h e l i a l  
c e l l s  from tumor s  and g l a n d s  were a n a l y s e d  f o r  p o l y am in e  
c o n t e n t s  by t h e  methods  d e s c r i b e d  above .
S t a t i s t i c a l  d i f f e r e n c e s  b e t w e e n  t h e  two t r e a t m e n t  
g r o u p s  we re  a s s e s s e d  a s  f o l l o w s :  t h e  number  o f  i n d u c e d
tumors  p e r  r a t  and p e r  t u m o r - b e a r i n g - r a t  were compared by 
u s i n g  t h e  s t u d e n t ' s  t - t e s t  f o l l o w i n g  s q u a r e  r o o t  t r a n s ­
f o r m a t i o n  a s  r ecommended  by  S n e d e c o r  and  C o c h r a n  ( 1 9 6 7 ) ;  
m e d i a n s  we re  c o m p a r e d  u s i n g  t h e  n o n - p a r a m e t r i c  Mann-  
W h i t n e y  t e s t  ( C o n o v e r ,  1 9 8 0 ) ;  o t h e r  means  we re  co m pu te d  
u s i n g  t h e  s t u d e n t ' s  t - t e s t  f o l l o w i n g  power o r  l o g a r i t h m i c  
t r a n s f o r m a t i o n  a s  r e q u i r e d  t o  m e e t  s t a t i s t i c a l  
a s s u m p t i o n s ;  and t h e  Ch i  s q u a r e  t e s t  w i t h o u t  c o n t i n u i t y
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c o r r e c t i o n  ( S n e d e c o r  and C o c h r a n ,  1967)  was u s e d  t o  com­
p a r e  t u m o r  i n c i d e n c e  b e t w e e n  g r o u p s .  P o l y a m i n e  l e v e l s  
were compared u s i n g  m u l t i v a r i a t e  H o t e l l i n g ' s  T 2 - S t a t i s t i c s  
( T a t s u o k a ,  1 971 )  s i n c e  c h a n g e s  i n  t h e  t i s s u e  c o n c e n ­
t r a t i o n s  o f  p u t r e s c i n e ,  s p e r m i d i n e  and spe rmine  a r e  i n t e r ­
r e l a t e d  a n d  s h o u l d  n o t  be  t r e a t e d  a s  i n d e p e n d e n t  
v a r i a b l e s .
S h o r t  s t u d i e s  were  a l s o  co n d u c t ed  i n  which t h e  e f f e c t  
o f  MNU a l o n e  o r  MNU g i v e n  w i t h  0.5% DFMO i n  d r i n k i n g  w a t e r  
a n d / o r  0 .5g  p u t r e s c i n e  / k g  d i e t  was s t u d i e d .  The i n t r a ­
c e l l u l a r  p o l y a m i n e  c o n c e n t r a t i o n s  and  ODC a c t i v i t y  i n  
mammary g l a n d  or  mammary e p i t h e l i a l  c e l l s  and l i v e r  t i s s u e  
we r e  m e a s u r e d .  T h e s e  e x p e r i m e n t s  l a s t e d  f o r  one  t o  two 
months and were d e s i g n e d  t o  s t u d y  changes  a s s o c i a t e d  w i t h  
p o s t - i n i t i a t i o n  s t a g e ( s )  o f  mammary c a r c i n o g e n e s i s  and t h e  
e f f e c t  o f  DFMO and p u t r e s c i n e  on t h e s e  ch an ge s .  Po lyamine  
l e v e l s  and  ODC a c t i v i t y  we r e  c o m p a r e d  a s  i n  p r e v i o u s  
s t u d i e s  u s i n g  t h e  m u l t i v a r i a t e  H o t e l l i n g ' s  T 2 - S t a t i s t i c s  
(Ta t suok a ,  1971) .
Dig.t C yc l i n g  Ex pe r imen t s
The d i e t  c y c l i n g  e x p e r i m e n t s  we re  c o n d u c t e d  u n d e r  
r e v e r s e d  l i g h t / d a r k  p e r i o d s  (dark  p e r i o d  8:30 A.M. -  8:30 
P.M.; l i g h t  p e r i o d  8 :30  P.M. -  8 :30  A.M.) t o  f a c i l i t a t e  
k i l l i n g  o f  a n i m a l s  i n  t h e  da rk  p e r i o d  d u r i n g  t h e  working 
day ho u r s .  The a n i m a l s  were m a i n t a i n e d  on t h e  b a s a l  d i e t  
f o r  a t  l e a s t  o n e  week  b e f o r e  t h e  i n i t i a t i o n  o f  t h e  
e x p e r i m e n t a l  f e e d i n g  r e g i m e n .  At  t h e  end  o f  t h i s  p e r i o d ,
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a t  8 : 3 0  A.M. e i t h e r  p r o t e i n - s u p p l e m e n t e d  o r  f a t -  
s u p p l e m e n t e d  d i e t  was p r o v i d e d  f o r  4 h ,  f o l l o w e d  by 
s t a r v a t i o n  f o r  20 h e v e r y  d a y  f o r  1 ,  2 o r  3 w e e k s
d e p e n d i n g  on i n d i v i d u a l  e x p e r i m e n t s .  The  p r o t e i n  
s u p p l e m e n t e d  d i e t  c o n t a i n e d  30% c a s e i n  s u b s t i t u t e d  f o r  
d e x t r o s e  and co rn  s t a r c h .  The h igh  f a t  d i e t  c o n t a i n e d  20% 
c a s e i n  b u t  25% f a t  s u b s t i t u t e d  f o r  d e x t r o s e  and  c o r n  
s t a r c h .  The c o n t r o l  g r o u p  was g i v e n  t h e  b a s a l  d i e t  ad 
1 i b i t u m  and  was a l s o  k e p t  u n d e r  t h e  r e v e r s e  l i g h t / d a r k  
c y c l e .  A l l  t h e  g r o u p s  were g i v e n  wa t e r  &d l i b i t u m . Tumor 
p r o m o t e r ,  TPA, was i n j e c t e d  i n t o  one  g r o u p  o f  r a t s ,  k e p t  
on p r o t e i n - s u p p l e m e n t e d  d i e t s ,  on t h e  m o r n i n g  o f  t h e  
t e r m i n a t i o n  o f  e x p e r i m e n t .  Four  r a t s  from e ach  g roup  were 
s a c r i f i c i e d  a t  0 ,  4 and  8 h a f t e r  t h e  b e g i n n i n g  o f  t h e  
d a r k  p e r i o d .  The s u p e r n a t a n t s  f r om  mammary g l a n d  o r  
mammary e p i t h e l i a l  c e l l  s o n i c a t e s  were u sed  t o  d e t e r m i n e  
ODC a c t i v i t y .  L i v e r  t i s s u e  was a l s o  u s e d  i n  some c a s e s  a s  
a p o s i t i v e  c o n t r o l  s i n c e  t h e s e  methods  a r e  known t o  i nduce  
ODC in  l i v e r  ( F a r w e l l  e t  a l .  1977; Schrock e t  a l .  1970) .
So u r c e  o f  Chemica l s
1.  A l d r i c h  Chemica l s  (Mi lawaukee,  WI)
D i c h l o r o m e t h y 1 - s i l a n e
2.  Amersham/Sear l e  Co rp .  ( A r l i n g t o n  H e i g h t s ,  IL)
NCS T i s s u e  S o l u b i l i z e r
3.  Ash S t e v en s  Co. ( D e t r o i t ,  MI)
MNU
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4 .  B o e h r in g e r  Mannheim ( I n d i a n a p o l i s ,  IN)
C o l l a g e n a s e
5.  C a lb io ch e m -B eh r i n g  (La J o l l a ,  CA)
G l y c i n e ;  M y o - I n o s i t o  1 ,  S e r i n e ;  G l u t a m i n e ;  T r y p s i n ;  
Thymidine;  PLP; DTT; L - o r n i t h i n e ;  P u t r e s c i n e ,  
S pe rm id i ne ;  Spermine
6 . F i s h e r  S c i e n t i f i c  Co. ( F a i r  Lawn, NJ)
EDTA; Sodium b i c a r b o n a t e ;  a c e t o n e ;  c y c l o h e x a n e ;  e t h y l  
a c e t a t e
7 .  Grand I s l a n d  B i o l o g i c a l  Corp.  (GIBCO, Grand I s l a n d ,  
NY)
E a r l e ' s  b a l a n c e d  s a l t  s o l u t i o n  (EBSS);  V i t a m i n  mix;  
Amino a c i d  mix ;  7.5% NaHCOj; A n t i b i o t i c  a n t i m y c o t i c  
mix; Medium 199,  10 x (w i th  m o d i f i e d  E a r l e ' s  s a l t  and 
L - g l u t a m i n e  b u t  w i t h o u t  b i c a r b o n a t e .
8 . J . T .  Baker  Chemica l  Co. ( P h i l l i p s b u r g , NJ)
T o l u e n e ;  T r i e t h a n o l a m i n e ;  I s o p r o p a n o l ;  P e r c h l o r i c  
a c i d
9 .  New England N uc l e a r  Corp.  (Bo s ton ,  MA)
[ M e t h y l - ^ H ] t h y m i d i n e ;  O m n i f l u o r ,  ^ H -m e t h y l -  
t h y m i d i n e - 5 ' - t r i p h o s p h a t e ;  D L - 1 - ^ C - o r n i t h i n e
10.  P i e r c e  Chemica l  Co. ( Ro ck fo r d ,  IL)
D a n s y 1 - c h l o r i d e
11.  P-L B i o c h e m i c a l s  (Mi lwaukee ,  WI)
D e o x y r i b o n u c l e o t i d e  t r i p h o s p h a t e s
12.  R e se a r ch  P r o d u c t s  I n t e r n a t i o n a l  Corp .
D L - 1 - ^ ^ C - o r n i t h i n e
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13.  Sigma Chemica l  Co. ( S t .  L o u i s ,  MO)
D i m e t h y l s u 1 f o x i d e ;  EGTA; HEPES; DTT; T r i s ;  P u t -  
r e s c i n e ;  S p e r m i d i n e ;  S p e r m i n e ;  L - P r o l i n e ;  T r y p s i n ,  
Type  I I I .
14.  Wyandot te  Chemica l  Co. (Wyandot te ,  MI)
P l u r o n i c  F - 6 8 .
I I I .  RESULTS
EftlyamiRfi. MsLt&kulisjn During. E a x lx  s ta g e s .  o f  Mammary 
Neo p la s i a  Induced fey MNU
T h i s  s t u d y  was co n d u c t ed  t o  o b t a i n  i n f o r m a t i o n  ab ou t  
t h e  c h a n g e s  i n  p o l y a m i n e  b i o s y n t h e s i s  i n  mammary g l a n d s  
d u r i n g  t h e  e a r l y  s t a g e s  o f  c a r c i n o g e n e s i s .  P a r t i c u l a r  
e m p h a s i s  was p l a c e d  on t h e  t i m e  f r a m e  o f  14 t o  42 d a y s  
p o s t - c a r c i n o g e n  i n j e c t i o n  s i n c e  a p r e v i o u s  s t u d y  (Mehta  
and  Moon,  1980)  s u g g e s t e d  t h a t  t h i s  i s  t h e  t i m e  d u r i n g  
w h i c h  DNA s y n t h e s i s  i s  s t i m u l a t e d  i n  M N U - t r e a t e d  r a t s .  
T h i s  i n f o r m a t i o n  w o u l d  e n a b l e  u s  t o  b e t t e r  i d e n t i f y  t h e  
t i m e  p e r i o d s  i n  w h i c h  t o  e x a m i n e  t h e  e f f e c t s  o f  DFMO on 
p o l y a m i n e  b i o s y n t h e s i s  d u r i n g  n e o p l a s t i c  d e v e l o p m e n t .  The 
p o l y a m i n e  c o n c e n t r a t i o n s  (Tab l e  2) i n  t h e  mammary g l a n d s  
o f  MNU-t rea ted  r a t s  were  t h e  same a s  i n  t h e  mammary g l a n d s  
o f  c o n t r o l  r a t s  a t  a l l  t i m e  p e r i o d s  t e s t e d .  H o w ev e r ,  i t  
i s  s t i l l  p o s s i b l e  t h a t  p o l y a m i n e  m e t a b o l i s m  i s  a l t e r e d  in  
t h e  M N U - t r e a t e d  r a t s  s i n c e :  1) t h e  c a r c i n o g e n  may h a v e  
i n c r e a s e d  p o l y a m i n e  b i o s y n t h e s i s  o n l y  i n  t h e  e p i t h e l i a l  
c e l l s  o f  t h e  g l a n d  w h i c h  c o m p r i s e  a s m a l l  p r o p o r t i o n  o f  
t h e  whole  g l a n d  and n o t  i n  t h e  f a t  t i s s u e  which c o m p r i s e s  
much o f  t h e  mammary g l a n d  i n  t h e  young  v i r g i n  r a t ;  o r  2 ) 
t h e  t ime  p e r i o d s  f o l l o w i n g  c a r c i n o g e n  t r e a t e m n t  a t  which 
t h e  c h a n g e s  i n  p o l y a m i n e  m e t a b o l i s m  wer e  a s s a y e d  s h o u l d  




CHANGES IN THE CONCENTRATIONS OF POLYAMINES IN RAT MAMMARY 
GLAND DURING EARLY STAGES OF MNU-INDUCED CARCINOGENESIS
A l l  r a t s  were  g i v e n  50 mg MNU/kg body w e i g h t  and f ed  AIN- 
76 d i e t .  P o l y a m i n e  a n a l y s e s  w e r e  p e r f o r m e d  on mammary 
g l a n d  h o m o g e n a t e s  p r e p a r e d  i n  0.2N PCA a s  d e s c r i b e d  i n  
MATERIALS AND METHODS. The r e s u l t s  p r e s e n t e d  a r e  t h e  mean 
o f  f o u r  r e p l i c a t e s  ( + S.E.M.) .
Po lyamines  
(nmol /g  wet  wt)
Weeks a f t e r  
MNU i n j e c t i o n Group Spermine Spe r mid in e
2 C o n t r o l
MNU
81 .1 +3 .6
6 2 . 7 + 2 . 8
118+12
84 .6 + 1 1 . 5
3 C o n t r o l
MNU
81 .0 + 7 .0  
7 5 . 8 + 8 . 0
9 6 .2+ 11 . 4  
7 8 .2 + 10 .9
4 C o n t r o l
MNU
8 1 .9 +9 .0
7 3 . 7 + 3 . 7
103+10
86 .7 +1 3 . 2
5 C o n t r o l
MNU
8 7 .7 +5 .7
7 0 . 4 + 9 . 1
106+7
8 5 . 4 + 6 . 0
39
i n v e s t i g a t e d .
I s a l a t  i o n  a f  Maffimaxy f i E i t i i a l i a l  C a l l s  f o x  E a l y a m i n a  
A n a l y s i s
The mammary g l a n d  o f  t h e  r a t  c o n t a i n s  two m a j o r  t y p e s  
o f  c e l l s ,  e p i t h e l i a l  ( s e c r e t o r y  and  m y o e p i t h e l i a l )  and 
a d i p o s e ,  t h e  p r o p o r t i o n s  o f  which v a r y  w i d e l y  de pen d i ng  on 
t h e  d e v e l o p m e n t a l  s t a g e  o f  t h e  g l a n d  (T o p pe r  a t  a l * /  
1975) .  The r e s t i n g  mammary g l a n d  i s  p r e d o m i n a n t l y  f a t  and 
c o n n e c t i v e  t i s s u e  w i t h  r e l a t i v e l y  few c e l l s  o f  e p i t h e l i a l  
o r i g i n  ( R u s s e l l  and  M c V i c k e r ,  1 9 7 2 ) .  D u r i n g  p r e g n a n c y ,  
t h e r e  i s  a l a r g e  i n c r e a s e  i n  t h e  e p i t h e l i a l  c e l l s  o f  t h e  
g l a n d ,  which i s  m a i n t a i n e d  d u r i n g  l a c t a t i o n  and t h e r e a f t e r  
r e g r e s s e s  t o  t h e  p r e - p r e g n a n c y  s t a t e .  I n  o r d e r  t o  s t u d y  
t h e  m e t a b o l i c  c h a n g e s  i n  a p a r t i c u l a r  c e l l  t y p e  i n  
r e s p o n s e  t o  a s t i m u l u s ,  i t  i s  h i g h l y  d e s i r a b l e ,  t h e r e f o r e ,  
t o  work w i t h  an i s o l a t e d  p o p u l a t i o n  o f  t h a t  c e l l  t y p e .
W o r k e r s  i n  s e v e r a l  l a b o r a t o r i e s  h a v e  i s o l a t e d  
e p i t h e l i a l  c e l l s  o f  mammary g l a n d  a f t e r  c o l l a g e n a s e  
d i g e s t i o n  (Moon £.£ a l * /  1 9 6 9 )  o r  d i g e s t i o n  w i t h  
c o l l a g e n a s e  p l u s  t r y p s i n  (Minas i an  and J a b a r a ,  1974) .  In 
p r e l i m i n a r y  e x p e r i m e n t s ,  I f o u n d  t h e s e  p r o c e d u r e s  t o  be 
i n a d e q u a t e  f o r  t h e  q u a n t i t a t i o n  o f  c h a n g e s  i n  t h e  p o l y ­
a m in e  c o n t e n t  o f  e p i t h e l i a l  c e l l s  d u r i n g  mammary g l a n d  
c a r c i n o g e n e s i s ,  s i n c e  s i g n i f i c a n t  l e a k a g e  o f  p o l y a m i n e s  
f ro m  t h e  c e l l s  o c c u r r e d  d u r i n g  i s o l a t i o n .  A t t e m p t s  w e re  
made t o  o b t a i n  i n t a c t  mammary g l a n d  e p i t h e l i a l  c e l l s  f o r  
t h e  a n a l y s i s  o f  p o l y a m i n e s  by p r o c e d u r e s  i n  which l o s s e s
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o f  t h e s e  compounds were min imized .  Mammary tumor t i s s u e  
h o m o g e n a t e s  ( t u m o r s  c o n t a i n  p r e d o m i n a n t l y  e p i t h e l i a l  
c e l l s )  were u t i l i z e d  as  a s t a n d a r d  on which r e c o v e r i e s  o f  
p o l y a m i n e s  i n  e p i t h e l i a l  c e l l s  i s o l a t e d  f ro m  t h e  t um or  
t i s s u e  c o u l d  be e v a l u a t e d .
S i n c e  m u l t i p l e  t u m o r s  f r o m t h e  same r a t  o r  t u m o r s  
f rom d i f f e r e n t  r a t s  a p p e a re d  t o  ha v e  d i f f e r e n t  p o l y am i n e  
and  ODC c o n t e n t s  ( T a b l e  3 and  4 ) ,  t i s s u e  f ro m  s e v e r a l  
t umor s  o r  mammary g l a n d s  was p o o l e d  f o r  e x p e r i m e n t s  on t h e  
i s o l a t i o n  o f  e p i t h e l i a l  c e l l s .
The o r i g i n a l  c o l l a g e n a s e  d i g e s t i o n  p r o c e d u r e  o f  Moon 
£ i  a l -  ( 1969)  f o r  t h e  i s o l a t i o n  o f  t h e  e p i t h e l i a l  c e l l s  
p r o d u c e d  l ow y i e l d s  o f  c e l l s  w h i c h  w e r e  h i g h l y  c o n ­
t a m i n a t e d  w i t h  c o n n e c t i v e  t i s s u e .  The p r o c e d u r e  was 
improved ,  w i t h  r e s p e c t  t o  t h e  y i e l d  o f  e p i t h e l i a l  c e l l s  
f r e e  o f  c o n n e c t i v e - t i s s u e  c o n t a m i n a t i o n s ,  by  m i n c i n g  
t i s s u e s  i n  0.25 M s u c r o s e ,  d e c r e a s i n g  t h e  c o n c e n t r a t i o n  o f  
c o l l a g e n a s e  ( 1 0  m g /g  o f  t i s s u e )  a n d  f i l t e r i n g  t h e  
e n z y m a t i c  d i g e s t  t h r o u g h  two l a y e r s  o f  # 109 n y l o n  mesh.  
A l t h o u g h  t h e  r e c o v e r i e s  o f  spe rm ine  and p u t r e s c i n e  i n  t h e  
c e l l s  i s o l a t e d  f ro m  tu mo r  t i s s u e  by t h i s  p r o c e d u r e  we re  
s a t i s f a c t o r y ,  s e v e r e  l o s s e s  o f  s p e r m i d i n e  o c c u r r e d  (Tab l e  
5 ) .  When t h e  e p i t h e l i a l  c e l l s  w e r e  i s o l a t e d  f r o m  
a b d o m i n a 1 - i n g u i n a  1 mammary g l a n d  u s i n g  t h i s  p r o c e d u r e ,  
s i g n i f i c a n t  l o s s e s  o f  b o t h  spe rm in e  a s  w e l l  a s  s p e r m i d i n e  
we re  s e e n .  P u t r e s c i n e  c o u l d  n o t  be  d e t e c t e d  i n  t h e s e  
c e l l s  (Tab l e  6 ).
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TABLE 3
P0L7AMINE CONTENTS OF MULTIPLE MAMMARY TUMORS FROM THE 
SAME RAT
From a r a t  w i t h  m u l t i p l e  t u m o r s ,  f o u r  t u m o r s  we r e  
e x c i s e d  and a 2 0 %(w/v)  h o m o g e n a t e  o f  e a c h  t u mo r  was 
p r e p a r e d  i n  5% ( v / v )  s u l p h o s a 1 i c y c 1 i c  a c i d .  P o l y a m i n e s  
were  a n a l y s e d  i n  t h e  s u p e r n a t a n t s  and DNA was d e t e r m i n e d  
i n  t h e  p r e c i p i t a t e s  o b t a i n e d  a f t e r  c e n t r i f u g a t i o n  o f  t h e  
homogena tes  by t h e  p r o c e d u r e s  d e s c r i b e d  i n  t h e  MATERIALS 
AND METHODS s e c t i o n .  (ND = n o t  d e t e c t a b l e ) .
(nmol/mg DNA)
Tumor Spermine  Spe rmid ine  P u t r e s c i n e
1 254 302 ND
2 301 341 12.9
3 390 304 7 .1
4 282 261 1 2 . 2
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TABLE 4
ODC ACTIVITY OF MULTIPLE MAMMARY TUMORS FROM THE SAME RATS
Tumors were e x c i s e d  from r a t s  k i l l e d  a t  i d e n t i c a l  h o u r s  
o f  t h e  l i g h t i n g  c y c l e  t o  a v o i d  d i u r n a l  v a r i a t i o n  i n  
e n z y m a t i c  a c t i v i t y .  ODC was  a s s a y e d  on  4 5 , 0 0 0  x g 
s u p e r n a t e s  o f  t u m o r  t i s s u e  s o n i c a t e s  by  t h e  p r o c e d u r e s  
d e s c r i b e d  i n  MATERIALS AND METHODS. (ND = n o t  d e t e c t a o l e ) .
Sample Tumor we igh t U n i t s  ODC/g wet  we ig h t
Rat  #1
Tumor 1 0 . 2 0 30 .6
Tumor 2 1 .64 0 .92
Tumor 3 3 .63 3.77
Rat  #2
Tumor 1 2 .03 2 .24
Tumor 2 4 . 1 5 ND
Tumor 4 14 .9 3 .81
Rat  #3
Tumor 1 0 .83 2 1 . 8
Tumor 2 1 .18 11 .4
Tumor 3 1 .92 8 .4
Tumor 4 8 .87 23 .0
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TABLE 5
COMPARISON OP P0L7AMINE CONTENTS OP HOMOGENATES AND 
ISOLATED EPITHELIAL CELLS OF MAMMARY TUMOR TISSUE
S e v e r a l  mammary t u m o r s  w e re  u t i l i z e d  t o  p r e p a r e  a 
p o o l  o f  f i n e l y  m i n c e d  t i s s u e .  From t h e  m in c e d  t u m o r  
t i s s u e ,  f o u r  r e p l i c a t e  s a m p l e s  w e re  r em ov ed  f o r  t h e  
p r e p a r a t i o n  o f  h o m o g e n a t e s  and  f o r  t h e  i s o l a t i o n  o f  
e p i t h e l i a l  c e l l s  by  t h e  two p r o c e d u r e s .  P o l y a m i n e s  and 
DNA were a n a l y s e d  i n  t h e  homogena tes  o r  i s o l a t e d  c e l l s  by 
t h e  p r o c e d u r e s  d e s c r i b e d  i n  t h e  MATERIALS AND METHODS 
s e c t i o n .  Each v a l u e  i s  t h e  mean o f  f o u r  r e p l i c a t e  a n a l y s e s  
( + S.E.M.)
(nmol/mg DNA)
P ro c e d u r e Spermine Spe rmid ine  P u t r e s c i n e
D i r e c t  h om o g en i za t i o n  229+20 
C o l l a g e n a s e  + t r y p s i n  265+3 
C o l l a g e n a s e  226+29
206+29 2 2 . 1 + 1 . 5  
240+12 2 2 .5 + 2 . 2  
100+12 1 9 .6 + 4 . 0
p - v a l u e s
Spermine  Spe rmid ine  P u t r e s c i n e  Over ­
a l l
Methods <0 . 0 1
C o l l a g e n a s e  + 
t r y p s i n
N.S .  <0 .01 N.S.
44
TABLE 6
COMPARISON OF THE POLYAMINE CONTENTS OF EPITHELIAL CELLS 
ISOLATED FROM NORMAL MAMMARY TISSUE BY DIFFERENT ENZYMATIC 
PROCEDURES
The mammary g l a n d s  f rom s e v e r a l  r a t s  were p o o l e d  and 
m in c e d  f i n e l y .  R e p l i c a t e  s a m p l e  o f  t h e  m i n c e d  p o o l  o f  
t i s s u e  were  u t i l i z e d  f o r  t h e  i s o l a t i o n  o f  e p i t h e l i a l  c e l l s  
by t h e  p r o c e d u r e s  o f  en zy m a t i c  d i g e s t i o n .  The p o l y a m i n e  
and  DNA c o n t e n t s  o f  t h e  i s o l a t e d  c e l l  p e l l e t s  w e re  
d e t e r m i n e d  a s  d e s c r i b e d  i n  t h e  MATERIALS AND METHODS 
s e c t i o n .  The v a l u e s  f o r  t h e  c o l l a g e n a s e  and  t r y p s i n  
p r o c e d u r e  a r e  t h e  means  f o r  f o u r  r e p l i c a t e  a n a l y s e s  (+ 
S.E.M.); f o r  t h e  c o l l a g e n a s e  p r o c e d u r e ,  t h e  v a l u e s  a r e  t h e  
means f o r  t h r e e  r e p l i c a t e  a n a l y s e s  (+ S.E.M.). P u t r e s c i n e  
was n o t  d e t e c t e d  i n  t h e s e  c e l l s .
(nmol/mg DNA)
P r o c e d u r e Spermine Spe rmid ine
C o l l a g e n a s e  + t r y p s i n  
C o l l a g e n a s e
113 + 14 
28 .9  ± 3 .1
174 + 12 
44 .5  ± 5 . 5
Methods
p - v a l u e s  
Spermine  Spe rmid ine
< 0 . 0 1  0 . 0 0 1
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As an a l t e r n a t i v e  t o  t h e  c o l l a g e n a s e  p r o c e d u r e ,  t h e  
c o l l a g e n a s e  and t r y p s i n  d i g e s t i o n  method o f  Mi na s i an  and 
J a b a r a  (1974 )  was e v a l u a t e d .  S e v e r a l  m o d i f i c a t i o n s ,  
i n c l u d i n g  c h a n g e s  i n  t h e  c o n c e n t r a t i o n  o f  t h e  e n z y m e s ,  
c o n d i t i o n s  o f  i n c u b a t i o n ,  amount  o f  t i s s u e  and volume  o f  
t h e  d i g e s t i o n  m i x t u r e ,  w e r e  a s s e s s e d .  S t a t i s t i c a l  
a n a l y s i s  o f  t h e  d a t a ,  shown i n  T a b l e  7 ,  i n d i c a t e s  t h a t  
t h e r e  i s  an  a b s o l u t e  r e q u i r e m e n t  f o r  t r y p s i n  d u r i n g  t h e  
d i g e s t i o n  p e r i o d  t o  m a i n t a i n  t h e  h i g h  r e c o v e r y  o f  p o l y ­
a m i n e s  ( p = 0 . 0 3 ) .  B o t h  s p e r m i n e  and  s p e r m i d i n e  c o n t e n t s  
were s i g n i f i c a n t l y  d e c r e a s e d  when t r y p s i n  was n o t  u sed  (p 
< 0 . 0 4  a n d  P < 0 . 0 1 ,  r e s p e c t i v e l y ) .  As e x p e c t e d  t h e  
r e d u c t i o n  o f  c o l l a g e n a s e  and  t r y p s i n  c o n c e n t r a t i o n s  t o  
o n e - h a l f  combined w i t h  a r e d u c t i o n  i n  t h e  t o t a l  d i g e s t i o n  
volume d i d  n o t  s i g n i f i c a n t l y  a f f e c t  t h e  p o l y a m i n e  c o n t e n t  
o f  t h e  c e l l s .  I n  f a c t ,  a h i g h e r  amoun t  o f  c o l l a g e n a s e  
( 1 0 0  mg/g t i s s u e )  r e s u l t e d  i n  a s l i g h t l y  l o w e r  s p e r m i n e  
c o n t e n t .  T h i s  e x p e r i m e n t  was r e p e a t e d  u s i n g  tumor  t i s s u e  
a s  a s o u r c e  o f  t h e  e p i t h e l i a l  c e l l s .  O n l y  0.5 g t um or  
t i s s u e ,  a s  c o m p a r e d  t o  t h e  u s e  o f  1 g mammary g l a n d  
t i s s u e ,  was s u f f i c i e n t  f o r  t h i s  p u r p o s e .  The p o l y a m i n e  
c o n t e n t  o f  e p i t h e l i a l  c e l l s  f rom tumors  was s i g n i f i c a n t l y  
h i g h e r  when l o w e r  a m o u n t s  o f  e n z y m e s  w e r e  u s e d  f o r  
d i g e s t i o n  ( P = . 0 3 ,  T a b l e  8 ) .  T h i s  was  n o t  t r u e  f o r  
a b d o m i n a l - i n g u i n a l  mammary g l a n d  t i s s u e  i n  which t h e r e  was 
no c h a n g e  i n  t h e  c o n t e n t  o f  p o l y a m i n e s  r e g a r d l e s s  o f  t h e  
amoun t  o f  en zym es  u s e d  i n  t h e  d i g e s t i o n  p r o c e d u r e .  The
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TABLE 7
O PTIM IZA TIO N  OF COLLAGENASE AND T R Y PSIN  D IG E ST IO N  
PROCEDURE FOR POLYAMINE ANALYSIS OF MAMMARY EPITHELIAL  
CELLS
Mammary g l a n d s  f ro m  s e v e r a l  r a t s  we r e  p o o l e d  and 
m in c ed  f i n e l y .  R e p l i c a t e  s a m p l e s  o f  t h e  m in c e d  p o o l  o f  
t i s s u e  we re  u t i l i z e d  f o r  t h e  i s o l a t i o n  o f  e p i t h e l i a l  
c e l l s .  F i v e  v a r i a t i o n s  o f  t h e  o r i g i n a l  c o l l a g e n a s e  and  
t r y p s i n  d i g e s t i o n  p r o c e d u r e  w e r e  u s e d  t o  i s o l a t e  
e p i t h e l i a l  c e l l s .  P o l y a m i n e  and DNA c o n t e n t  o f  t h e  
i s o l a t e d  c e l l  p e l l e t s  were d e t e r m i n e d  a s  d e s c r i b e d  i n  t h e  
MATERIALS AND METHODS s e c t i o n .  (NA = n o t  a s s a y e d ) .
Amount/g minced g l a n d Polyamines
C o l l a g e n a s e T r y p s i n Medium Spermine S pe rm id in e
(mg) (mg) (ml) (nmol/mg DNA)
100 25 10 95 .0 154
105 157
50 25 10 115 141
125 138
50 12 .5 10 125 187
NA NA
100 0 10 79 .2 6 5 . 8
87 .3 7 1 . 8
50 12 .5 5 127 170
124 194
p - v a l u e s
C o l l a g e n a s e 0 . 0 1 N.S. 0 .04
T r y p s i n 0 .03 0 . 0 1 0 .03
Medium N.S. N.S. N.S.
TABLE 8
OPTIMIZATION OP COLLAGENASE AND TRYPSIN PROCEDURE FOR POLYANINE ANALYSIS OP 
MAMMARY GLAND AND TUMOR EPITHELIAL CELLS
Mammary g l a n d  and mammary tumor from s e v e r a l  r a t s  were p o o l e d  and minced 
f i n e l y .  R e p l i c a t e  samples  o f  e i t h e r  l g  g l a n d  t i s s u e  o r  0.5 g tumor t i s s u e  were 
u t i l i z e d  f o r  t h e  i s o l a t i o n  o f  e p i t h e l i a l  c e l l s  by t h e  c o l l a g e n a s e  and t r y p s i n  
d i g e s t i o n  p rocedure  w i th  v a r i a t i o n s  d e s c r i b e d  below.  Polyamine and DNA c o n te n t  
o f  t h e  i s o l a t e d  c e l l  p e l l e t s  were d e t e r m i n e d  a s  d e s c r i b e d  in  MATERIALS AND 
METHODS.
T i s su e  C o l l a g e n a s e  
(mg)
Tryps in
( m g )
Medium
( m l )
Spermine 
( n m o
Spermidine 
1 / m g DNA)
P u t r e s c i n e
Gland ( lg) 100 25 10 137 156 31.4
129 152 55.2
Gland ( lg) 50 12.5 5 140 154 65.1
133 144 77.4
124 131 47.2
Tumor (0.5g) 100 25 10 254 296 40.6
254 293 46.9
Tunor (0.5g) 50 12.5 5 370 444 109
316 404 89.5
p - v a l u e s
Spermine Spermidine P u t r e s c i n e
Gland N.S. N.S. N.S.
Tumor 0.08  0.02 0.03
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opt imum c o n d i t i o n s  s e l e c t e d  i n c l u d e d  t h e  i n c u b a t i o n  o f  0.5 
g o f  t u m o r  o r  1 g o f  mammary t i s s u e  i n  5 ml  o f  medium 199 ,  
pH 7 . 4 ,  c o n t a i n i n g  50 mg o f  c o l l a g e n a s e  and  12 .5  mg o f  
t r y p s i n  f o r  20 min a t  37°C.  A s e c o n d  6 min p e r i o d  o f  
i n c u b a t i o n  d e s c r i b e d  i n  t h e  o r i g i n a l  p r o c e d u r e  was found 
t o  be  u n n e c e s s a r y  and  was e l i m i n a t e d .  F u r t h e r m o r e ,  t h e  
i s o l a t e d  c e l l  p e l l e t  was washed w i t h  medium 199 i n s t e a d  o f  
0 .25  M - s u c r o s e .  S a t i s f a c t o r y  y i e l d s  o f  v i a b l e  c e l l s  
(>90%) o f  t h e  o r d e r  o f  12-16% and 6 - 8 % o f  t h e  o r i g i n a l  l g  
o f  t um o r  and  mammary g l a n d  t i s s u e  r e s p e c t i v e l y  we re  
o b t a i n e d .  The  r e c o v e r y  o f  p o l y a m i n e s  i n  t h e  c e l l s  
i s o l a t e d  by  t h i s  me thod  was e x c e l l e n t  ( T a b l e  5 ) .  The 
c o n c e n t r a t i o n  o f  e a c h  o f  t h e  p o l y a m i n e s  i n  t h e  i s o l a t e d  
c e l l s  was c o m p a r a b l e  t o  t h a t  i n  t h e  p o o l e d  t u m o r  t i s s u e  
homogenat es .  S l i g h t l y  h i g h e r  r e c o v e r i e s  o f  spe rm ine  and 
s p e r m i d i n e  i n  e p i t h e l i a l  c e l l s  i s o l a t e d  a f t e r  c o l l a g e n a s e  
p l u s  t r y p s i n  d i g e s t i o n  a s  compared w i t h  tumor  t i s s u e  homo­
g e n a t e s  may have  r e s u l t e d  from t h e  improved  r e s o l u t i o n  on 
TLC p l a t e s  o f  t h e  d a n s y l  d e r i v a t i v e s  o f  t h e  p o l y a m i n e s  in  
t h e  e x t r a c t s  o f  i s o l a t e d  c e l l s .  In  T a b l e  6 t h e  r e s u l t s  o f  
p o l y a m i n e  a n a l y s i s  on c e l l s  i s o l a t e d  from no rma l  t i s s u e  by 
t h e  c o l l a g e n a s e  o r  c o l l a g e n a s e  and t r y p s i n  d i g e s t i o n  a r e  
compared.  The c o n c e n t r a t i o n s  o f  spe rm in e  and s p e r m i d i n e  
a r e  s u b s t a n t i a l l y  h i g h e r  i n  c e l l s  i s o l a t e d  by t h e  m o d i f i e d  
c o l l a g e n a s e  p l u s  t r y p s i n  p r o c e d u r e .  P u t r e s c i n e  c o u l d  n o t  
b e  d e t e c t e d  i n  e p i t h e l i a l  c e l l s  i s o l a t e d  f rom n o r m a l  
mammary t i s s u e  by  e i t h e r  p r o c e d u r e .  Thus  t h e  n o r m a l
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mammary g l a n d  t i s s u e  c o n t a i n s  l e s s  p u t r e s c i n e  t h a n  d o e s  
tumor  t i s s u e  i n  which  p u t r e s c i n e  o c c u r r e d  a t  o n e - t e n t h  o f  
t h e  c o n c e n t r a t i o n  o f  e i t h e r  s p e r m i n e  o r  s p e r m i d i n e .  The 
r e c o v e r y  o f  s p e r m i n e  and  s p e r m i d i n e  i n  t h e  e p i t h e l i a l  
c e l l s  i s o l a t e d  by t h e  c o l l a g e n a s e  p l u s  t r y p s i n  p r o c e d u r e  
c a n n o t  be e v a l u a t e d  by compar i son  w i t h  t h e  p o l y a m i n e  c o n ­
t e n t  o f  t h e  h o m o g e n a t e  b e c a u s e  o f  t h e  m i x e d  c e l l  
p o p u l a t i o n  o f  t h e  n o r m a l  mammary t i s s u e  ( K r a e h e n b u h l ,  
1 9 7 7 ) .  I t  c a n  be  a s s u m e d ,  h o w e v e r ,  on t h e  b a s i s  o f  t h e  
r e s u l t s  w i t h  t u m o r  t i s s u e  ( T a b l e  5 ) ,  t h a t  t h i s  p r o c e d u r e  
does  n o t  c a u se  a s i g n i f i c a n t  l o s s  o f  p o l y a m i n e s .
Effect aJL QI-MQ on MNHrXflduced Mammary Carcinogenesis
I n h i b i t i o n  o f  b o t h  p o l y a m i n e  a c c u m u l a t i o n  ( t u m o r  
p r o m o t o r - i n d u c e d )  and c a r c i n o g e n e s i s  i n  mouse s k i n  by  DFMO 
(Takigawa n i . r  1 9 8 3 ;  Weeks &!•* 1982)  s u g g e s t  t h a t  
DFMO may hav e  a n t i c a n c e r  a c t i v i t y .  E x p e r i m e n t s  d e s c r i b e d  
i n  t h i s  d i s s e r t a t i o n  were c a r r i e d  o u t  t o  a s s e s s  t h e  e f f e c t  
o f  DFMO i n t a k e  on t h e  p rom o t i on  s t a g e  o f  mammary c a r c i n o ­
g e n e s i s  i nduced  by MNU. The p r o t o c o l  f o r  t h i s  e x p e r i m e n t  
i s  d e s c r i b e d  i n  t h e  MATERIALS AND METHODS s e c t i o n .
T a b l e  9 and F i g u r e s  2 and 3 summarize  t h e  r e s u l t s  o f  
t h i s  e x p e r i m e n t .  T r e a t m e n t  w i t h  DFMO s i g n i f i c a n t l y  
d e c r e a s e d  c a n c e r  i n c i d e n c e  and t h e  number  o f  i n d u c e d  
t u m o r s  p e r  r a t  and p e r  c a n c e r - b e a r i n g - r a t  and i n c r e a s e d  
t h e  c a n c e r - f r e e - t i m e  s i g n i f i c a n t l y .  I n  a d d i t i o n  t o  a 
r e d u c t i o n  i n  t h e  number o f  i nduced  c a n c e r s ,  DFMO t r e a t m e n t  
l e d  t o  a h i g h l y  s i g n i f i c a n t  1 0 - f o l d  r e d u c t i o n  i n  t h e
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TABLE 9
EFFECT OF DFMO ON MNU-INDUCED MAMMARY CARCINOGENESIS
At 50 d a y s  o f  a g e ,  a g r o u p  o f  50 r a t s  w e re  g i v e n  50 
mg MNU/kg body w e i g h t .  Ano ther  g r ou p  o f  20 r a t s  r e c e i v e d  
a 0 .8  ml  i n j e c t i o n  o f  t h e  0.9% s a l i n e  s o l u t i o n  (pH 4.0)  
u s e d  a s  t h e  s o l v e n t  f o r  MNU. At  57 d a y s  o f  a g e  s a l i n e  and 
c a r c i n o g e n  i n j e c t e d  r a t s  were r andomly  a s s i g n e d  t o  one o f  
t h e  two t r e a t m e n t s  (1)  b a s a l  d i e t ,  (2) 1.0% DFMO i n
d r i n k i n g  w a t e r .  D e t a i l s  o f  t h e  p r o t o c o l s  a r e  g i v e n  under  
MATERIALS AND METHODS. Numbers  p r e s e n t e d  a r e  mean + 
S.E.M.
TREATMENT
MNU-INJECTED ANIMALS C o n t r o l 11  DFMO Br.YalU£
Number o f  r a t s 25 25
Cance r  i n c i d e n c e  (%) 25 /25  (100) 14/25  (56) <0.001
T u m o r s / r a t 7 .4 + 0 .9 1 .3+0 .3 <0.001
T u m o r s / t u m o r - b e a r i n g
r a t 7 .4 + 0 . 9 2 .3+0 .3 <0.001
C a n c e r - f r e e - t i m e :
median (weeks,  p .c . ) 7.3 16.2 <0.001
Wei gh t / t umor  (g) 2 .8 +0 . 42 0 . 2+0 .1 <0.001
T e r m in a l  body wt (g) 292+11 233+8 <0.001
Mammary Tumor Po lya min es :  (nmol /q Wet Wt.)
P u t r e s c i n e 71 .2 +7 .4 31.9+ 2 .9
Spe rmid ine 420+37 207+19 <0.05
Spermine 302+17 202+16
SALINE-INJECTED ANIMALS
Number o f  r a t s 10 10
Te rm in a l  body wt (g) 294 + 8 235+6 <0.001
Food i n t a k e  (g /day) 1 2 .8+0 .6 12 .3 +0 . 4 >0.5
Water  i n t a k e  (ml /day) 34 .0 +5 . 0 19.0+2 .0 <0.05
H e m a t o c r i t s  (%) 49 .0 +0 .5 4 2 .0 +0 .7 <0.001
L iv e r  wt (g) 9 .7 3+0 .32 9 .5 9+0 .2 3 >0.7
Sp l een  wt (g) 0 .6 3+0 .03 0 .7 8+0 .07 <0.10
Ovary wt (g) 0 .12+0 .02 0 .11+0 .01 <0.10
U t e ru s  wt (g) 0 .4 6+0 .04 0 .4 1+0 .0 6 <0.10
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FIGURE 2
EFPECT OF 1«  OF NO ON THE NUMBER OF MAM MART CANCERS IN  RAT
At  50 d a y s  o f  a g e ,  r a t s  w e re  i n j e c t e d  w i t h  MNU (50 
mg/kg b o d y  w t ) . They  we r e  s u p p l i e d  w i t h  e i t h e r  p l a i n  
d r i n k i n g  w a t e r  o r  1% DFMO i n  d r i n k i n g  w a t e r  f o r  a p e r i o d  
o f  6 m o n th s  f o l l o w i n g  t h e  i n j e c t i o n  o f  c a r c i n o g e n .  R a t s  




















•  PLACEBO 
A DFMO, I %
20 22 24




EFFECT OF 1% DFMO ON MAMMARY CANCER INCIDENCE, THE PRO­
PORTION OF ANIMALS WITH ONE-OR-MORE PALPABLE CANCERS, AS A 
FUNCTION OF TIME.
At 50 d a y s  o f  a g e ,  r a t s  we r e  i n j e c t e d  w i t h  MNU (50 
mg/kg b o d y  w t ) .  T hey  w e re  s u p p l i e d  w i t h  e i t h e r  p l a i n  
d r i n k i n g  w a t e r  o f  1% DFMO i n  d r i n k i n g  w a t e r  f o r  a p e r i o d  
o f  6 m o n th s  f o l l o w i n g  t h e  i n j e c t i o n  o f  c a r c i n o g e n .  R a t s  
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a v e r a g e  t um or  s i z e .  I t  i s  a l s o  n o t e w o r t h y  t h a t  t h o s e  
a n i m a l s  r e c e i v i n g  t h e  DFMO t r e a t m e n t  had  a h i g h e r  p r o ­
p o r t i o n  o f  b e n i g n  t u m o r s  t h a n  t h e  c o n t r o l  a n i m a l s  (17.8% 
v e r s u s  9.8%, P = 0 . 1 5 ) .
Ten r a n d o m l y  s e l e c t e d  t u m o r s  f r o m  e a c h  t r e a t m e n t  
g ro up  were a n a l y z e d  f o r  p o l y a m i n e  c o n t e n t  w i t h  r e s u l t s  as  
shown in  T a b l e  9. The c o n c e n t r a t i o n  o f  p o l y a m i n e s  i n  t h e  
t umors  o f  a n i m a l s  r e c e i v i n g  DFMO were s i g n i f i c a n t l y  l e s s  
t h a n  t h o s e  o f  t h e  c o n t r o l  a n i m a l s ,  a s  t e s t e d  by  m u l t i ­
v a r i a t e  a n a l y s i s .  T h i s  s t a t i s t i c a l  t e s t  was a p p l i e d  t o  
t h e s e  d a t a  s i n c e  c h a n g e s  i n  t h e  t i s s u e  c o n c e n t r a t i o n s  o f  
p o l y a m i n e s  a r e  n o t  i n d e p e n d e n t  o f  one  a n o t h e r .  DFMO d i d  
n o t  a f f e c t  p o l y a m i n e  c o n c e n t r a t i o n s  i n  t h e  mammary g l a n d  
o f  s a l i n e - t r e a t e d  a n i m a l s .  Whole mounts  p r e p a r e d  f rom t h e  
a b d o m i n a l - i n g u i n a l  mammary g l a n d s  o f  a n i m a l s  f r o m  e a c h  
g r o u p  we re  m o r p h o l o g i c a l l y  i n d i s t i n g u i s h a b l e  by  l i g h t  
m i c r o s c o p y .  A l t h o u g h  d i f f i c u l t  t o  e v a l u a t e  b e c a u s e  o f  
e x c e s s i v e  c e l l u l a r  d e b r i s  and mucus which o c c u r r e d  o n l y  i n  
DFMO t r e a t e d  r a t s ,  v a g i n a l  smears  i n d i c a t e d  t h a t  a n i m a l s  
c y c l e d  n o r m a l l y  i n  a g r e e m e n t  w i t h  t h e  o b s e r v a t i o n  t h a t  
o v a r i a n  and u t e r i n e  w e i g h t s  o f  b o t h  g r o u p s  d i d  n o t  d i f f e r  
s i g n i f i c a n t l y .
Given  t h e  e s s e n t i a l  r o l e  o f  p o l y a m i n e s  i n  c e l l  g rowth  
and p r o l i f e r a t i o n ,  i t  was a n t i c i p a t e d  t h a t  c o n t i n u o u s  l ong  
t e rm  p r o v i s i o n  o f  DFMO would e x e r t  s y s t e m i c  e f f e c t s  on t h e  
a n i m a l s .  S i n c e  r e d u c e d  b od y  w e i g h t  was n o t e d  and  i t  h a s  
been  r e p o r t e d  t o  i n h i b i t  mammary c a r c i n o g e n e s i s  ( S y l v e s t e r
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e t  a l . .  1983) ,  a f u r t h e r  a n a l y s i s  o f  t h e  d a t a  p r e s e n t e d  in 
T a b l e  9 was u n d e r t a k e n  and i s  p r e s e n t e d  i n  T a b l e  10 a l o n g  
w i t h  d a t a  f r o m s i m i l a r l y  t r e a t e d  r a t s  f e d  a r e s t r i c t e d  
amount o f  AIN-76 d i e t .  The r e s t r i c t e d  f e e d i n g  r eg imen was 
im po s ed  t o  r e t a r d  g r o w t h  t o  t h e  same e x t e n t  a s  o b s e r v e d  i n  
a n i m a l s  g i v e n  t h e  1% s o l u t i o n  o f  DFMO. T h e s e  d a t a  
i n d i c a t e  t h a t  t h e  i n h i b i t o r y  e f f e c t  o f  DFMO on mammary 
t u m o r  o c c u r r e n c e  c a n n o t  be  a c c o u n t e d  f o r  on t h e  b a s i s  o f  
i t s  e f f e c t  on g rowth .
Consumpt ion o f  t h e  1% s o l u t i o n  o f  DFMO was e q u i v a l e n t  
t o  a d a i l y  d o s e  o f  a b o u t  800 mg DFMO p e r  kg b o d y  w e i g h t .  
T h i s  t r e a t m e n t  l e d  t o  a l ower  h e m a t o c r i t  and ,  a s  i n d i c a t e d  
a b o v e ,  t o  a r e d u c e d  r a t e  o f  g r o w t h  r e s u l t i n g  i n  a mean 
bo d y  mass  w h i c h ,  a t  t h e  end  o f  t h e  s t u d y ,  was 80% o f  t h a t  
o f  t h e  c o n t r o l  g r o u p .  Re duced  r a t e  o f  h a i r  g r o w t h  was 
a l s o  n o t e d  i n  t h e  r a t s  w h i c h  consumed  DFMO. The w e i g h t s  
o f  t h e  l i v e r s  and  s p l e e n s  f ro m  s a l i n e - i n j e c t e d ,  DFMO- 
t r e a t e d  a n i m a l s  w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r om 
c o n t r o l s .
To d e t e r m i n e  w h e t h e r  t h i s  a n t i c a n c e r  e f f e c t  o f  DFMO 
c o u l d  be  o b s e r v e d  e v e n  a t  l o w e r  d o s e s  o f  DFMO, a s t u d y  was 
c o n d u c t e d  on t h e  e f f e c t  o f  d i f f e r e n t  c o n c e n t r a t i o n s  o f  
DFMO on mammary c a r c i n o g e n e s i s  ( f o r  d e t a i l s  s e e  Thompson 
£_£. & ! • ,  1 9 8 5 ) .  T a b l e  11 s u m m a r i z e s  t h e  e f f e c t  o f  0.5% 
DFMO g i v e n  i n  d r i n k i n g  w a t e r  on t h e  p o l y a m i n e  c o n c e n ­
t r a t i o n s  and ODC a c t i v i t y  i n  l i v e r  and mammary g l a n d  o f  
s a 1 i n e - t r e a t e d  r a t s  and mammary t u m o r s  o f  M N U - i n j e c t e d
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TABLE 10
EFFECT OF REDUCED SOMATIC GROWTH ON CHEMICALLY INDUCED 
MAMMARY CARCINOGENESIS AT 16  WEEKS POST CARCINOGEN 
TREATMENT
I n d i v i d u a l l y  h o u s e d  r a t s  we re  p r o v i d e d  80% o f  t h e  
amount  o f  d i e t  f ed  t h e  c o n t r o l s  e ach  day b e g i n n i n g  7 day s  
a f t e r  c a r c i n o g e n  t r e a t m e n t .  Numbers  i n  p a r e n t h e s e s  a r e  
p e r c e n t  o f  c o n t r o l  v a l u e s
C a l o r i c - R e s t r i e t i o n
C o n t r o l  R e s t r i c t e d - F e d
Cance r  i n c i d e n c e  (%) 
C a n c e r s / r a t
C a n c e r - f r e e - t i m e  median
100
5 .3
9 0 .0  (90) 
3 . 4  (64)
(weeks ,  p . c . )  
Body w e ig h t  (g) 244
7 .0 8 .2  (117) 
211  ( 8 6 )
DFMO T re a tm en t
Cance r  i n c i d e n c e  (%) 
C a n c e r s / r a t
C a n c e r - f r e e - t i m e  median
8 8 . 0
5.7
52 .0  (59)
0 .9  (15)
(weeks ,  p . c . )  
Body w e i g h t  (g) 271




EFFECT OF DFMO ON POLYAMINE CONCENTRATIONS AND ODC 
ACTIVITY IN  RAT L IV E R , MAMMARY EPITHELIAL CELLS AND 
MAMMARY TUMORS
At 50 d a y s  o f  a g e  r a t s  we r e  i n j e c t e d  w i t h ,  e i t h e r  35 
mg/kg b od y  w e i g h t  MNU o r  s a l i n e  and  f e d  AIN-76  d i e t .  At  
57 days  o f  age  s a l i n e  and c a r c i n o g e n - i n j e c t e d  a n i m a l s  were 
r andomly  a s s i g n e d  t o  one o f  two t r e a t m e n t s :  t h e  c o n t r o l
t r e a t m e n t ,  which i n v o l v e d  f e e d i n g  o f  AIN-76 d i e t  and d i s ­
t i l l e d  w a t e r  ad. l i b i t u m ,  and t h e  DFMO t r e a t m e n t  w h i c h  
p r o v i d e d  a s o l u t i o n  o f  0.5% DFMO (w/v)  i n  t h e  a n i m a l s  
d r i n k i n g  w a t e r .  The a n i m a l s  r ema ined on t h e i r  r e s p e c t i v e  
t r e a t m e n t s  w i t h o u t  i n t e r r u p t i o n  u n t i l  t h e  e x p e r i m e n t  was 
t e r m i n a t e d  180 d a y s  a f t e r  i n j e c t i o n  o f  MNU. P e r c h l o r i c  
a c i d  e x t r a c t s  o f  l i v e r ,  mammary t u m o r s  a n d  mammary 
e p i t h e l i a l  c e l l s  ( i s o l a t e d  by  c o l l a g e n a s e  and  t r y p s i n  
d i g e s t i o n  p r o c e d u r e )  were a n a l y s e d  f o r  p o l y a m i n e  c o n t e n t  
by p r o c e d u r e  d e s c r i b e d  i n  MATERIALS AND METHODS. R e s u l t s  
p r e s e n t e d  a r e  t h e  mean o f  f o u r  r e p l i c a t e s  (+ S.E.M.) f o r  
t u m o r s  and  e i g h t  r e p l i c a t e s  (+ S.E.M.) f o r  l i v e r  and  
mammary e p i t h e l i a l  c e l l s .  (ND = n o t  d e t e c t a b l e ,  NS = n o t  
s i g n i f i c a n t ) .
Tumor (nmol /g  wet  wt) u n i t s / g  wet  wt
Spermine Spe rmid ine  P u t r e s c i n e
MNU 796+84 703+71 6 6 .8 +8 . 0
MNU + 0 . 5 %  DFMO 516±60 497+50 2 0 . 3 + 3 . 9
p - v a l u e  0 .04  0 .06  <0.01
L iv e r
s a l i n e  
s a l i n e  + 






3 31+2 0 
0 . 0 0 1
2 5 . 3+3 .3  
2 2 . 9±2 . 2  
0 .55
Mammary E p i t h e l i a l  
C e l l s
s a l i n e
s a l i n e  + 0 .5  DFMO 














4 . 75± 1 . 39
0 .86+0 .13
< 0 . 0 1
1 0 . 8 + 1 .5 
8 . 32±1 .18 





r a t s .  D e t a i l s  o f  t h e  p r o t o c o l  a r e  d e s c r i b e d  i n  t h e  l e g e n d  
t o  T a b l e  11 .  There  was no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  
p o l y a m i n e  c o n c e n - t r a t i o n  o f  mammary g l a n d s  o f  r a t s  which 
r e c e i v e d  e i t h e r  no a d d i t i v e  o r  0.5% DFMO in  t h e i r  d r i n k i n g  
w a t e r  f o r  6 m o n t h s .  ODC a c t i v i t y  was n o t  d e t e c t e d  i n  
t h e s e  t i s s u e s .  On t h e  o t h e r  h a n d ,  l i v e r  o b t a i n e d  f r om  
r a t s  r e c e i v i n g  0.5% DFMO showed s i g n i f i c a n t l y  l ower  s p e r ­
m i d i n e  c o n c e n t r a t i o n s  w i t h  no e f f e c t  on t h e  o t h e r  two 
p o l y a m i n e s .  ODC a c t i v i t y  i n  t h e  l i v e r  was n o t  i n h i b i t e d  
by  DFMO. R a t s  i n j e c t e d  6 m o n th s  p r e v i o u s l y  w i t h  MNU 
showed a s i g n i f i c a n t  i n h i b i t i o n  o f  a l l  t h r e e  p o l y a m i n e s  
a s  w e l l  a s  ODC a c t i v i t y  i n  t h e  t um or  t i s s u e  i n  a n i m a l s  
r e c e i v i n g  0.5% DFMO i n  d r i n k i n g  w a t e r  ( P = 0 .0 2 ) .  I t  i s  
d i f f i c u l t  t o  e x p l a i n  why ODC a c t i v i t y  was i n h i b i t e d  i n  
mammary' t umors  b u t  n o t  i n  t h e  l i v e r  f rom t h e  same r a t s .  
P & l y a m i n g  M&t abQ l i s m  i n  the .  Mammary: E p i t h e l i a l  C e l l s  
d m i .ng E a r l y  S t a g e s  a f  MNU-Induced Mammary N e o p l a s i a
A l t h o u g h  t h e  mammary g l a n d s  o f  v i r g i n  r a t s  a r e  com­
posed  o f  p r e d o m i n a n t l y  s t r o m a l  c e l l s  and r e l a t i v e l y  few 
e p i t h e l i a l  c e l l s ,  t h e  l a t t e r  a r e  c o n s i d e r e d  t h e  c e l l  t y p e  
f r om  w h i c h  mammary g l a n d  c a r c i n o m a s  a r i s e  (Russo  e t  a l . ,  
1 9 8 3 ) .  I t  i s  t h e r e f o r e  i m p o r t a n t  t h a t  b i o c h e m i c a l  
c hanges  i n  e p i t h e l i a l  c e l l s ,  r a t h e r  t h a n  i n  who le  t i s s u e  
homogena te s ,  be s t u d i e d  i n  o r d e r  t o  b e t t e r  u n d e r s t a n d  t h e  
p r o c e s s  o f  mammary c a r c i n o g e n e s i s .  Wi th  t h e  s u c c e s s f u l  
d e v e l o p m e n t  o f  t h e  c e l l  i s o l a t i o n  p r o c e d u r e ,  t h e  one month 
s t u d y  c o n d u c t e d  e a r l i e r  and p r e s e n t e d  i n  T a b l e  2 was
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r e p e a t e d  u s i n g  mammary e p i t h e l i a l  c e l l s  i n s t e a d  o f  whole  
g l a n d  h o m o g e n a t e s .  The d u r a t i o n  o f  t h e  e x p e r i m e n t  was 
a l s o  e x t e nd ed  t o  7 weeks .  R e s u l t s  p r e s e n t e d  i n  T a b l e  12 
show t h a t  i r r e s p e c t i v e  o f  c a r c i n o g e n  t r e a t m e n t ,  o r  t h e  
f e e d i n g  o f  a 0.5% DFMO s o l u t i o n  o r  0.5 g p u t r e s c i n e / k g  
d i e t ,  t h e  p o l y a m i n e  c o n c e n t r a t i o n s  o f  t h e  mammary 
e p i t h e l i a l  c e l l s  d i d  n o t  d i f f e r  w i t h  a n y  t r e a t m e n t .  
P u t r e s c i n e  c o n c e n t r a t i o n s  o f  t h e  c e l l s  w e re  l ow and 
v a r i a b l e .  Da ta  p r e s e n t e d  i n  T a b l e  13 show t h e  e f f e c t  o f  
DFMO on p o l y a m i n e  m e t a b o l i s m  i n  l i v e r  t i s s u e .  The d a t a  
i n d i c a t e  c h a t  0.5% DFMO in  t h e  d r i n k i n g  w a t e r  o f  r a t s  had 
no a p p a r e n t  e f f e c t  on ODC a c t i v i t y  o f  t h i s  t i s s u e .  None­
t h e l e s s ,  l i v e r  s p e r m i d i n e  was c o n s i s t e n t l y  l ower  i n  DFMO- 
t r e a t e d  r a t s .  T h i s  o b s e r v a t i o n  was c o n s i s t e n t  w i t h  t h e  
f i n d i n g s  f r om  a n o t h e r  s t u d y  i n  w h i c h  r a t s  w e r e  f e d  t h e  
same d i e t  f o r  6 months  and l i v e r  p o l y a m i n e  c o n c e n t r a t i o n s  
and ODC a c t i v i t y  were  s t u d i e d  (Tab l e  13) .
I n d u c t i o n  o f  ODC 
The ODC a c t i v i t y  o f  mos t  r e s t i n g  a d u l t  mammal i an  
t i s s u e s  i s  e x t r e m e l y  l ow w i t h  t h e  e x c e p t i o n  o f  p r o s t a t e  
g l a n d  ( S c a l b r i n o  and  F e r i o l i ,  1 9 8 1 ) .  ODC i s  known t o  
d i s p l a y  c i r c a d i a n  r h y t h m  i n  many  o r g a n s  o f  t h e  r a t  
( N i c h o l s o n  e i  &!•* 1976;  Fu j i m o to  at .  & 1., 1978;  Noguchi  e i  
i l . ,  1 9 7 6 ) .  M o r e o v e r ,  t h e  c i r c a d i a n  r h y t h m  and t h e  
a c t i v i t y  o f  ODC c a n  be  i n f l u e n c e d  by  e n v i r o n m e n t a l  
c o n d i t i o n s  such  a s  s t a r v a t i o n  and r e f e e d i n g  a n d / o r  l i g h t -
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TABLE 12
EFFECT OF MNO, DFMO, AND PUTRESCINE ON INTRACELLULAR 
P0L7AMINE CONCENTRATIONS IN  MAMMARY EPITHELIAL CELLS 
DURING EARLY STAGE(S) OF MNU-INDUCED CARCINOGENESIS
At 50 d a y s  o f  ag e  r a t s  w e r e  i n j e c t e d  w i t h ,  e i t h e r  50 
mg/kg b ody  w e i g h t  MNU o r  s a l i n e  and  f e d  AIN-76  d i e t .  On 
t h i s  d a y  f o u r  s a l i n e  i n j e c t e d  r a t s  w e r e  t e r m i n a t e d  and 
t h e i r  mammary e p i t h e l i a l  c e l l s  i s o l a t e d  and a n a l y z e d  t o  
e s t a b l i s h  b a s e l i n e  p o l y a m i n e  and DNA c o n t e n t .  At  57 days  
o f  ag e  s a l i n e  t r e a t e d  r a t s  w e re  r a n d o m l y  a s s i g n e d  t o  one  
o f  t h e  f i r s t  t h r e e  t r e a t m e n t s  and MNU-injec ted  r a t s  were 
r a n d o m l y  a s s i g n e d  t o  one  o f  t h e  f o u r  t r e a t m e n t s  l i s t e d  
be low .  The t r e a t m e n t s  were:  1) AIN-76 d i e t  and w a t e r  adL
l i b i t u m  2) 0.5% DFMO in  t h e  a n i m a l ' s  d r i n k i n g  w a t e r  3) 
0.5 g p u t r e s c i n e / k g  AIN-76  d i e t  4) 0.5% DFMO i n  t h e
a n i m a l s  d r i n k i n g  w a t e r  p l u s  0 .5  g p u t r e s c i n e / k g  AIN-76 
d i e t .  On week s  2 ,  4 and  7 ,  4 r a t s  f r o m  e a c h  g r o u p  we r e  
r a n d o m l y  s e l e c t e d  and  k i l l e d  and t h e  p o l y a m i n e  and  DNA 
c o n t e n t s  o f  mammary e p i t h e l i a l  c e l l s  were a n a l y z e d .  The 
p r o c e d u r e  f o l l o w e d  was t o  r andomly  k i l l  one r a t  f rom each  
g roup  p e r  day  f o r  4 c o n s e c u t i v e  d ay s .  A random t a b l e  was 
p r e p a r e d  b e f o r e  t h e  e x p e r i m e n t  t o  i n d i c a t e  r a t s  t o  be  
s a c r i f i c e d  i n  e a c h  week .  R e s u l t s  p r e s e n t e d  i n  t h e  t a b l e  
a r e  t h e  mean o f  f o u r  r e p l i c a t e s  (C = s a l i n e  i n j e c t e d  
r a t s )  .
n n o l / a l  DNA
Week DNA C C+DFMO C+P MNU
0 S 131126 NA NA NA
SD 253±67
2 S 109+24 131±10 152112 158136
SD 214+89 110±3 227146 2501105
4 S 120±8 220±47 179128 162119
SD 135±17 199±73 3291109 249163
7 S 9 8 .8 ± 9 .0 125±39 140116 16113
SD 209±50 222±87 245159 212119
Week DNA MNU+DFMO MNU+P MNU+DFMO P
0 S NA NA NA
SD
2 S 170±9 162±26 134112
SD 165+43 201±41 146118
4 S 190+18 210+28 165118
SD 152±27 223±38 141115
7 S 138±21 91110 8418
SD 168+33 112112 107115
TABLE 13
EFFECT OF DFMO ON POLYAMINE CONCENTRATIONS AND ODC ACTIVITY IN RAT LIVER
At 50 d a y s  o f  a g e ,  f o u r  r a t s  w ere  t e r m i n a t e d  and t h e i r  l i v e r  t i s s u e  was 
a n a ly z e d  to  e s t a b l i s h  b a s e l i n e  ODC a c t i v i t y  and polyam ine and DNA c o n te n t .  
At 57 days o f  age a group o f  r a t s  were c o n tin u e d  on AIN-76 d i e t  and w ater  ad 
l i b i t u m  w h i le  th e  a n o th e r  group were g iv e n  0.5% DFMO (w/v) in  t h e i r  d r in k in g  
w a t e r .  On weeks 2, 4 and 7 ,  4 r a t s  from  e a c h  g ro u p  were r a n d o m ly  s e l e c t e d  
and k i l l e d  and l i v e r  ODC a c t i v i t y  and p o ly a m in e s  were a n a l y z e d .  O th e r  
e x p e r im e n ta l  d e t a i l s  were i d e n t i c a l  to  th o se  d e s c r ib e d  in  T ab le  11. R e s u l t s  
p r e s e n t e d  a r e  t h e  mean o f  f o u r  r e p l i c a t e s  (+ S.E.M.). P o ly a m in e  and ODC 
d a ta  on 26 week p e r io d  was o b ta in e d  from a n o th e r  s tu d y .  The d e t a i l s  o f  t h i s  
s tu d y  a r e  g iv e n  under TABLE 10.














































d a r k  p e r i o d s  and  by  d i e t  c o m p o s i t i o n  ( H o p k i n s  g £  &1-,  
1973;  McAnul ty  and W i l l i a m s ,  1975;  F a r w e l l  g i  &1.,  1977;  
R o z o v s k i  g. t  1 9 7 8 ) .  ODC a c t i v i t y  c o u l d  n o t  b e
d e t e c t e d  i n  mammary g l a n d s  o r  i n  e p i t h e l i a l  c e l l s  i s o l a t e d  
from t h e  mammary g l a n d s  i n  ou r  e x p e r i m e n t s .
S e v e r a l  a p p r o a c h e s  t h a t  h a v e  b e e n  s u c c e s s f u l l y  
e m p l o y e d  p r e v i o u s l y  i n  o u r  l a b o r a t o r y ,  a s  w e l l  a s  e l s e ­
w h e r e ,  f o r  t h e  i n d u c t i o n  o f  ODC i n  r a t  l i v e r  and  o t h e r  
t i s s u e s  i n c l u d i n g  b r a i n  and l ung  were t e s t e d  f o r  i n d u c t i o n  
o f  mammary ODC. D i e t a r y  c y c l i n g  o f  h i g h  p r o t e i n  d i e t s  
d u r i n g  t h e  da rk  p e r i o d  o f  t h e  c y c l e  d i d  n o t  s t i m u l a t e  ODC 
a c t i v i t y  i n  mammary t i s s u e .  The t um or  p r o m o t e r  TPA, a 
known i n d u c e r  o f  ODC a c t i v i t y  (We i ne r  and  B y r u s ,  1 9 8 0 ) ,  
a l s o  d i d  n o t  e v o k e  ODC a c t i v i t y  i n  t h i s  t i s s u e .  Mammary 
t i s s u e  d i d  n o t  show any  c i r c a d i a n  r h y t h m  i n  i t s  ODC 
a c t i v i t y .  ODC a c t i v i t y  was a l s o  n o t  d e t e c t e d  i n  mammary 
g l a n d s  o f  r a t s  i n  d i f f e r e n t  s t a g e s  o f  t h e  e s t r o u s  c y c l e .  
T h i s  o b s e r v a t i o n  i n d i c a t e s  t h a t  ODC a c t i v i t y  d o e s  n o t  
c h a n g e  i n  r e l a t i o n  t o  c h a n g i n g  p r o p o r t i o n s  o f  v a r i o u s  
hormones d u r i n g  t h e  e s t r o u s  c y c l e .
IV . DISCUSSION
T h e r e  i s  e x t e n s i v e  e v i d e n c e  f o r  t h e  e l e v a t i o n  o f  
i n t r a c e l l u l a r  p o l y a m i n e s  d u r i n g  r a p i d  g ro wth  o f  no rma l  as  
w e l l  a s  tumor t i s s u e s  ( S c a l a b r i n o  and F e r i o l i ,  1981 ,  1982;  
Janne  1983;  R u s s e l l ,  1984) .  I n h i b i t o r s  o f  p o x y -
a mi ne  b i o s y n t h e s i s  h a v e  b e e n  shown i n  many s t u d i e s  t o  
i n h i b i t  o r  s l o w  t h e  g r o w t h  o f  v a r i o u s  t y p e s  o f  c a n c e r  
c e l l s  (Heby a l . ,  1977;  P r a k a s h  a t  fiJL-f 1980;  Takigawa 
f i t  a l *  f 1982,  1983;  Sunka ra  a t  a l « r  1983,  1984) .  The f a c t  
t h a t  i n h i b i t o r s  o f  p o l y a m i n e  s y n t h e s i s  s l o w  t h e  r a t e  o f  
tumor  c e l l  p r o l i f e r a t i o n  and y e t  e x h i b i t  m in ima l  t o x i c i t y ,  
s u g g e s t s  t h a t  t h e s e  compounds  may h a v e  c l i n i c a l  u t i l i t y  
( a l o n e  o r  i n  c o m b i n a t i o n  w i t h  o t h e r  c h e m o p r e v e n t i v e  
a g e n t s )  i n  t h e  t r e a t m e n t  o f  c e r t a i n  t y p e s  o f  c a n c e r s  (Heby 
f i t  a l -  f 1984) .  The d e t e r m i n a t i o n  o f  t h e  e x t e n t  t o  which 
c h a n g e s  i n  p o l y a m i n e  m e t a b o l i s m  a r e  i n v o l v e d  i n  t h e  
i n d u c t i o n  o f  c a r c i n o m a s  s h o u l d  a i d  i n  t h e  c h a r a c t e r i z a t i o n  
o f  t h e  mechanism(s)  by which i n h i b i t o r s  o f  p o l y a m i n e  b i o ­
s y n t h e s i s  i n h i b i t  c a r c i n o g e n e s i s .
The i n d u c t i o n  o f  mammary c a n c e r  i n  f e m a l e  S p r a g u e -  
Dawley r a t s  by a s i n g l e  i n t r a v e n o u s  o r  s u b c u t a n e o u s  do se  
o f  1 - m e t h y l - l - n i t r o s o u r e a  (MNU) p r o v i d e s  a u s e f u l  e x p e r i ­
m e n t a l  s y s t e m  f o r  i d e n t i f y i n g  e f f e c t i v e  a g e n t s  i n  t h e  
t r e a t m e n t  o f  b r e a s t  c a n c e r .  A p r e l i m i n a r y  s t u d y  was c on ­
d u c t e d  t o  d e t e r m i n e  i f  t h e r e  were any changes  i n  po ly am in e
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m e t a b o l i s m  d u r i n g  t h e  p o s t - i n i t i a t i o n  s t a g e ( s )  o f  mammary 
c a r c i n o g e n e s i s ,  p r i o r  t o  t h e  a p p e a r a n c e  o f  d e t e c t a b l e  
t umor s .  For  t h i s  p u r p o s e ,  a t  we ek ly  i n t e r v a l s ,  spe r mine  
and  s p e r m i d i n e  c o n c e n t r a t i o n s  we r e  a n a l y s e d  i n  mammary 
g l a n d  homogenates  o f  c o n t r o l  and MNU-injec t ed  r a t s  f o r  4 
c o n s e c u t i v e  w e e k s .  D a t a  p r e s e n t e d  i n  T a b l e  2 i n d i c a t e  
t h a t  p o l y a m i n e  c o n c e n t r a t i o n s  we re  t h e  same i n  mammary 
g l a n d s  f rom MNU- in jec t ed  r a t s  a s  compared t o  c o n t r o l  r a t s .  
I t  s h o u l d  be p o i n t e d  o u t  t h a t  a l t h o u g h  t h e  mammary g l a n d s  
o f  v i r g i n  r a t s  a r e  co mposed  p r e d o m i n a n t l y  o f  f a t  and 
c o n n e c t i v e  t i s s u e  c e l l s  and  r e l a t i v e l y  few e p i t h e l i a l  
c e l l s ,  t h e  l a t t e r  a r e  c o n s i d e r e d  t h e  c e l l  t y p e  f rom which 
mammary-gland c a r c i n o m a s  a r i s e  (Russo 1983) .  For
t h i s  r e a s o n ,  i t  was p o s s i b l e  t h a t  i n  t h e  above  e x p e r i m e n t  
s i g n i f i c a n t  changes  i n  p o l y a m i n e  c o n c e n t r a t i o n s  d i d  occu r  
upon MNU i n j e c t i o n ,  b u t  o n l y  i n  e p i t h e l i a l  c e l l s .  T h i s  
h y p o t h e s i s  l e d  u s  t o  r e p e a t  t h e  s t u d y  w i t h  i s o l a t e d  
e p i t h e l i a l  c e l l s .
The i s o l a t i o n  o f  e p i t h e l i a l  c e l l s  f rom v i r g i n  g l a n d  
i n  s u f f i c i e n t  q u a n t i t i e s  f o r  b i o c h e m i c a l  s t u d i e s  p o s e s  
c o n s i d e r a b l e  d i f f i c u l t i e s  b e c a u s e  o f  t h e  p a u c i t y  o f  
e p i t h e l i a l  c e l l s  r e l a t i v e  t o  f a t  and c o n n e c t i v e  t i s s u e  a t  
t h i s  d e v e l o p m e n t a l  s t a g e  o f  t h e  g l a n d  and  t h e  r e l a t i v e  
r e s i s t a n c e  o f  t h e  s t r o m a l  c o m p o n e n t  o f  t h e  g l a n d  t o  
enzymic d i g e s t i o n .  In  a number o f  p r e v i o u s  s t u d i e s ,  whole  
mammary g l a n d  h o m o g e n a t e s  h a v e  b e e n  e m p l o y e d  and t h e  
r e s u l t i n g  b i o c h e m i c a l  d a t a  r e f l e c t  o n l y  t h e  c om po s i t e  o f
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c h a n g e s  i n  a h e t e r o g e n e o u s  p o p u l a t i o n  c o n s i s t i n g  o f  
p a r e n c h y m a l ,  c o n n e c t i v e  and  a d i p o s e  c e l l s  ( R u s s e l l  and 
M c V i c k e r ,  197 2 ;  B r o s n a n  £.£ a l . ,  1 9 8 2 ,  1 9 8 3 ) .  S i n c e
p r e v i o u s l y  p u b l i s h e d  p r o c e d u r e s  f o r  t h e  i s o l a t i o n  o f  
mammary e p i t h e l i a l  c e l l s  (Moon &1.,  1969;  M i n a s i an  and 
J a b a r a ,  1974)  w e r e  u n s u i t a b l e  f o r  t h e  p u r p o s e  o f  p o l y ­
am i n e  a n a l y s i s  i n  o u r  s t u d i e s ,  a m o d i f i e d  i s o l a t i o n  
p r o c e d u r e  was d e v e l o p e d  in  our  l a b o r a t o r y .  M o d i f i c a t i o n s  
o f  t h e  o r i g i n a l  c o l l a g e n a s e  d i g e s t i o n  p r o c e d u r e  o f  Moon ££. 
&1. (1969) were e v a l u a t e d  f o r  t h e  i s o l a t i o n  o f  e p i t h e l i a l  
c e l l s  f r o m  mammary g l a n d  t u m o r s ,  b u t  i n  a l l  c a s e s  
s i g n i f i c a n t  l o s s e s  o f  p o l y a m i n e s  f r o m  t h e  c e l l s  we re  
o b s e r v e d .  However ,  s e v e r a l  m o d i f i c a t i o n s  o f  t h e  p r o c e d u r e  
o f  Mi n a s i an  and J a b a r a  (1974) i n c l u d i n g  c o n c e n t r a t i o n s  o f  
e n z y m e s ,  c o n d i t i o n s  o f  i n c u b a t i o n ,  am oun t  o f  t i s s u e  and 
volume  o f  d i g e s t i o n  m i x t u r e  y i e l d e d  e x c e l l e n t  r e s u l t s  w i t h  
b o t h  mammary g l a n d s  as  w e l l  a s  t h e  tumor  t i s s u e  (Tab l e  5, 
6 , 7 and 8) .  Comple t e  r e c o v e r i e s  o f  a l l  t h r e e  p o l y a m i n e s  
i n  t h e  t i s s u e s  w e re  a c h i e v e d  i n  t h e  e p i t h e l i a l  c e l l s  
i s o l a t e d  b y  t h i s  p r o c e d u r e  ( M i n o c h a  £.£ a l . ,  1 9 8 4 ) .  
Anothe r  a d v a n t a g e  o f  t h i s  p r o c e d u r e  was t h a t  i t  p e r m i t t e d  
t h e  q u a n t i f i c a t i o n  o f  p o l y a m i n e s  i n  c e l l s  i s o l a t e d  f ro m  
t h e  a b d o m i n a l - i n g u i n a l  mammary g l a n d s  o f  a s i n g l e  r a t  o f  
a g e  50 d a y s  o r  y o u n g e r .  A l t h o u g h  t h e  c e l l s  i s o l a t e d  by 
c o l l a g e n a s e  d i g e s t i o n  a l o n e  w e re  more  v i a b l e  and p r e ­
f e r a b l e  f o r  t h e  i n i t i a t i o n  o f  mammary e p i t h e l i a l  c e l l s  in  
p r i m a r y  c u l t u r e  ( H . J .  T h o m p s o n ,  u n p u b l i s h e d ) ,  t h e
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m o d i f i e d  t r y p s i n  and c o l l a g e n a s e  d i g e s t i o n  p r o c e d u r e  was 
p r e f e r a b l e  f o r  t h e  i s o l a t i o n  o f  e p i t h e l i a l  c e l l s  f o r  
p o l y a m i n e  a n a l y s i s .  The s h o r t  i n c u b a t i o n  t i m e  was c o n ­
v e n i e n t  and t h e r e  was no l e a k a g e  o f  p o l y a m i n e s  f rom t h e s e  
c e l l s .  The d e v e l o p m e n t  o f  t h i s  p r o c e d u r e  p r o v i d e d  a means 
o f  s t u d y i n g  ch an ge s  i n  po l y am i n e  m e t a b o l i s m  o c c u r r i n g  a t  
e a r l y  s t a g e s  i n  c h e m i c a l l y - i n d u c e d  c a r c i n o g e n e s i s  and t h e  
e f f e c t  o f  t h e  f e e d i n g  o f  DFMO on t h e  c o n c e n t r a t i o n  o f  
e p i t h e l i a l  c e l l  p o l y a m i n e s .
DFMO i s  a p o t e n t ,  e n z y m e - a c t i v a t e d  i r r e v e r s i b l e  
i n h i b i t o r  o f  ODC from mammalian t i s s u e s  (Bey, 1978;  1981;
S e e l y  a l . ,  1 9 8 2 ) .  I t s  e f f e c t s  a r e  c y t o s t a t i c  r a t h e r  
t h a n  c y t o c i d a l  ( J a n n e  a l . r  1 9 8 3 ) .  The s p e c i f i c i t y  o f  
i t s  a c t i o n  i s  c o n f i r m e d  by numerous o b s e r v a t i o n s  t h a t  t h e  
e f f e c t  o f  DFMO on many c e l l s  i s  r e v e r s e d  by  a d d i t i o n  o f  
p u t r e s c i n e  (Heby,  1 9 8 1 ;  Mamont a l . r  197 8 ;  McCann e t  
a l . ,  1 9 8 1 ;  Pegg  £.£ a i - r  1 9 8 1 ) .  A 3% s o l u t i o n  o f  DFMO i n  
t h e  d r i n k i n g  w a t e r  g i v e n  5 d a y s  a f t e r  t h e  i n o c u l a t i o n  o f  
EMT6 c e l l s  i n t o  BALB/C mice  h a s  b e e n  shown t o  i n h i b i t  
t u m o r  g r o w t h  by  80% by d a y  27 ( P r a k a s h  &1. ,  1 9 8 0 ) .
T h i s  was a c c o m p a n i e d  by  a m a rk ed  d e c r e a s e  i n  s p e r m i d i n e  
and  p u t r e s c i n e  c o n c e n t r a t i o n s  and  ODC a c t i v i t y .  F o z a r d  
and  P r a k a s h  (1982 )  showed a 90% r e d u c t i o n  i n  t h e  t o t a l  
number o f  r a t  mammary t umors  by a d m i n i s t r a t i o n  o f  2% (w/v) 
DFMO in  d r i n k i n g  w a t e r  30 days  a f t e r  t h e  a d m i n i s t r a t i o n  o f  
DMBA. Takigawa &1. (1982,  1983) r e p o r t e d  i n h i b i t i o n  o f  
T P A - p r om ot ed  mouse  s k i n  t u m o r s  by  t h e  u s e  o f  DFMO. DFMO
70
was e i t h e r  a p p l i e d  t o  t h e  s k i n  (0.3 mg i n  0.2 ml  s o l v e n t )  
o r  a d m i n i s t e r e d  i n  d r i n k i n g  wa t e r  (1% w/v) i n  c o n j u n c t i o n  
w i t h  a p p l i c a t i o n s  o f  TPA t o  t h e  s k i n  o f  m ic e  p r e v i o u s l y  
t r e a t e d  w i t h  DMBA. Th i s  t r e a t m e n t  i n h i b i t e d  t h e  f o r m a t i o n  
o f  mouse  s k i n  p a p i l l o m a s  by  50 and 90%, r e s p e c t i v e l y .  A 6 
month s t u d y  was co n du c t ed  i n  ou r  l a b o r a t o r y  t o  a s s e s s  t h e  
e f f e c t  o f  DFMO (1% w/v)  i n  d r i n k i n g  w a t e r  on mammary 
c a r c i n o g e n e s i s  i n  r a t s  (Thompson £.£. a l . ,  1 9 8 4 ) .  The 
r e s u l t s  o f  t h i s  e x p e r i m e n t  i n d i c a t e  t h a t  t r e a t m e n t  w i t h  
DFMO c a u s e d  a s i g n i f i c a n t  i n h i b i t i o n  o f  mammary c a n c e r  
d e v e l o p m e n t  d u r i n g  t h e  180 day s  o f  t h e  e x p e r i m e n t  (T ab l e  
9 ,  F i g u r e s  2 and  3 ) .  T h e r e  was s i g n i f i c a n t  r e d u c t i o n  i n  
c a n c e r  i n c i d e n c e  and a v e r a g e  s i z e  and number o f  t umor s  p e r  
r a t .  The t r e a t m e n t  w i t h  DFMO a l s o  p r o l o n g e d  median c a n c e r  
f r e e  t i m e  and t u m o r s  f r om D F M O - t r e a t ed  r a t s  had s i g n i f i ­
c a n t l y  l ower  p o l y am i n e  c o n c e n t r a t i o n s  as  compared t o  con ­
t r o l s .  I t  i s  known t h a t  r e d u c e d  s o m a t i c  g r o w t h  c a n  
i n h i b i t  mammary tumor  o c c u r r e n c e  ( S y l v e s t e r  ££. al** 1983) 
b u t  t h i s  a l o n e  i s  n o t  s u f f i c i e n t  t o  a c c o u n t  f o r  t h e  m a g n i ­
t u d e  o f  i n h i b i t i o n  s een  in  our  s t u d y  (Tab l e  10).
A n o t h e r  s t u d y  was  c o n d u c t e d  i n  o u r  l a b o r a t o r y  
(Thompson e_t a l . r  1985)  t o  d e t e r m i n e  i f  l o w e r  d o s e s  o f  
DFMO had a s i m i l a r  e f f e c t  on mammary c a r c i n o g e n e s i s .  A 
r a n g e  o f  0 . 0625  t o  0.5% DFMO (w/v)  i n  d r i n k i n g  w a t e r  was 
t e s t e d  and a l l  o f  t h e s e  d o se s  had some p r o t e c t i v e  e f f e c t  
a g a i n s t  t h e  i n d u c t i o n  o f  mammary c a n c e r .  H o w ev e r ,  o n l y  
t h e  f e e d i n g  o f  0.125% and 0.5% s o l u t i o n s  o f  DFMO r e s u l t e d
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i n  a s i g n i f i c a n t  r e d u c t i o n  i n  c a n c e r  i n c i d e n c e .  Ave r age  
number  o f  c a n c e r s  p e r  r a t  was a l s o  r e d u c e d  and  c a n c e r  f r e e  
t i m e  was e x t e n d e d  a t  a l l  c o n c e n t r a t i o n s  o f  DFMO. P o l y ­
amine a n a l y s i s  o f  mammary e p i t h e l i a l  c e l l s  from c o n t r o l  
r a t s  and mammary t umor s  o f  MNU-injec t ed  r a t s  k e p t  on 0.5% 
DFMO f o r  6 m o n t h s  i n d i c a t e d  t h a t  DFMO had no e f f e c t  on t h e  
po l y am i n e  c o n c e n t r a t i o n s  o f  mammary e p i t h e l i a l  c e l l s  b u t  
i t  s i g n i f i c a n t l y  r educ ed  a l l  t h r e e  p o l y a m i n e s  in  mammary 
t umors  (T ab l e  11 ) .  The ODC a c t i v i t y  i n  mammary t umor s  was 
a l s o  s i g n i f i c a n t l y  i n h i b i t e d  by  DFMO. ODC a c t i v i t y  was 
n o t  d e t e c t a b l e  i n  mammary g l a n d  homogena te s .  L i v e r  o f  r a t  
r e c e i v i n g  0.5% DFMO, h o w e v e r ,  had  s i g n i f i c a n t l y  r e d u c e d  
s p e r m i d i n e  c o n c e n t r a t i o n s  w i t h  no r e d u c t i o n  o f  s p e r m i n e  
and p u t r e s c i n e  c o n c e n t r a t i o n s  o r  ODC a c t i v i t y .  (For o t h e r  
e f f e c t s  o f  t h e s e  v a r i o u s  d o s e s  o f  DFMO, s e e  Thompson 
a l . ,  1 9 8 5 ) .
A s h o r t  t e r m  s t u d y  was c o n d u c t e d  t o  d e t e r m i n e  t h e  
e f f e c t  o f  0.5% DFMO g i v e n  i n  d r i n k i n g  w a t e r  a n d / o r  0.5% 
p u t r e s c i n e / k g  d i e t  on p o l y a m i n e  m e t a b o l i s m  i n  mammary 
e p i t h e l i a l  c e l l s .  C o n t r o l  and M N U - i n j e c t e d - r a t s  w e re  
s t u d i e d  f o r  7 weeks  a f t e r  t h e  i n i t i a t i o n  o f  c a r c i n o ­
g e n e s i s .  The a im  was t o  s e e  i f  MNU c h a n g e s  p o l y a m i n e  
c o n c e n t r a t i o n s  i n  mammary e p i t h e l i a l  c e l l s  p r i o r  t o  t h e  
a p p e a ra n c e  o f  mammary t umors  which a r e  known t o  have  h i g h  
p o ly am in e  c o n c e n t r a t i o n s .  The r e s u l t s  o f  t h i s  s t u d y  a r e  
p r e s e n t e d  i n  T a b l e  12.  A l t h o u g h  t h e r e  were f l u c t u a t i o n s  
i n  p o l y am i ne  c o n c e n t r a t i o n s  from one t ime  p e r i o d  t e s t e d  t o
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a n o t h e r ,  no c o n s i s t e n t  t r e n d s  were  o b s e r v e d  i r r e s p e c t i v e  
o f  t h e  c a r c i n o g e n  t r e a t m e n t  o r  t h e  f e e d i n g  o f  0.5% DFMO o r  
0 . 5  g p u t r e s c i n e / k g  d i e t .  A g a i n ,  ODC c o u l d  n o t  b e  
d e t e c t e d  i n  mammary g l a n d  t i s s u e .  The l a c k  o f  o b s e r v a t i o n  
o f  an y  t r e n d  i s  c o n s i s t e n t  w i t h  t h e  h y p o t h e s i s  t h a t  t h e  
c o n c e n t r a t i o n s  o f  p o l y a m i n e s  i n  t h e  mammary g l a n d  d u r i n g  
c a r c i n o g e n e s i s  r emain  a t  a b a s a l  l e v e l  u n t i l  a s i g n i f i c a n t  
m i t o g e n i c  s t i m u l u s ,  p o s s i b l y  hormone m e d i a t e d ,  i s  a p p l i e d .  
H o w ev e r ,  0.5% DFMO s i g n i f i c a n t l y  l o w e r e d  t h e  s p e r m i d i n e  
c o n c e n t r a t i o n  i n  l i v e r  t i s s u e  w i t h  no e f f e c t  on ODC 
a c t i v i t y  (Tab l e  13) .  Given  t h e  r o l e  o f  t h e  l i v e r  i n  amine 
m e t a b o l i s m ,  s u c h  e f f e c t s  c o u l d  r e s u l t  i n  a s i g n i f i c a n t  
r e d u c t i o n  i n  t h e  p o l y a m i n e s  i n  t h e  b l o o d  which  a r e  a v a i l ­
a b l e  t o  t h e  p e r i p h e r a l  t i s s u e s .
In  c o n t r a s t  t o  t h e  a b se n c e  o f  ODC a c t i v i t y  i n  v i r g i n  
mammary g l a n d s ,  t h e  r e a d i l y  d e m o n s t r a b l e  ODC a c t i v i t y  i n  
t h e  mammary t u m o r s  i s  c l e a r l y  i n d i c a t i v e  o f  t h e  a l t e r e d  
p o l y am i ne  m e t a b o l i s m  in  t h e  tumor c e l l s .  T a b l e s  3 and 4 
i n d i c a t e  t h a t  t umors  f rom d i f f e r e n t  r a t s  and e v e n  f rom t h e  
same r a t s  had d i f f e r e n t  p o l y a m i n e  c o n c e n t r a t i o n s  and ODC 
a c t i v i t y .  T h e r e  was i n v e r s e  r e l a t i o n s h i p  b e t w e e n  t umor  
w e ig h t  and ODC a c t i v i t y .  ODC a c t i v i t y  can be r a p i d l y  and 
m a rk e d ly  i n c r e a s e d  i n  a l m o s t  a l l  c e l l s  and t i s s u e s  which 
h a v e  b e e n  s t i m u l a t e d  t o  g row  o r  d i v i d e  ( R u s s e l l  e t  a l . ,  
1976;  Byus and R u s s e l l ,  1976;  Byus e i  &!•* 1977;  K l i m p e l  
a l .  f 1979 ;  R u s s e l l ,  1 9 8 0 ) .  The s p e c i f i c  m e c h a n i s m s  
i n v o l v e d  i n  t h e  r e g u l a t i o n  o f  ODC a c t i v i t y  i n  d i f f e r e n t
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o r g a n s  h a v e  n o t  b e e n  e l u c i d a t e d  b u t  c o u l d  i n v o l v e  t r a n ­
s c r i p t i o n a l ,  t r a n s l a t i o n a l  a s  w e l l  a s  p o s t - t r a n s l a t i o n a l  
p r o c e s s e s  ( R u s s e l l  £.£. 197 6 ;  McCann,  1980;  R u s s e l l ,
1 9 8 1 ) .  I t  was t h o u g h t  t h a t  i t  w o u l d  be  a d v a n t a g e o u s  t o  
d e v e l o p  an e x p e r i m e n t a l  model  f o r  t h e  s t i m u l a t i o n  o f  ODC 
a c t i v i t y  i n  t h e  v i r g i n  g l a n d  which c o u l d  be used  t o  a s s e s s  
t h e  e f f e c t  o f  v a r i o u s  a g e n t s  on  t h e  i n d u c t i o n  o r  
s u p p r e s s i o n  o f  enzyme a c t i v i t y  i n  t h e  mammary g l a n d  
f o l l o w i n g  c a r c i n o g e n  a d m i n i s t r a t i o n .  Such  c o m p a r a t i v e  
s t u d i e s  c o u l d  be t h e  b a s i s  f o r  t h e  c h a r a c t e r i z a t i o n  o f  t h e  
m o d i f i c a t i o n  o f  p o l y a m i n e  b i o s y n t h e s i s  d u r i n g  mammary 
c a r c i n o g e n e s i s .  U n f o r t u n a t e l y ,  a number  o f  t r e a t m e n t s  
s u c h  a s  s t a r v a t i o n  a n d  r e f e e d i n g  a n d / o r  l i g h t - d a r k  
p e r i o d s ,  d i e t  c o m p o s i t i o n  and  TPA (H o p k i n s  a l . ,  1973 ;  
M c A n u l t y  and W i l l i a m s ,  1975 ;  F a r w e l l  a l . ,  1977 ;
R o z o v s k i  a l . »  1978 ;  W e i ne r  and  Byus ,  1980)  t h a t  h a v e  
been  s u c c e s s f u l l y  used  t o  i n du ce  ODC a c t i v i t y  i n  v a r i o u s  
o r g a n s  o f  r a t s  f a i l e d  t o  i n d u c e  ODC a c t i v i t y  i n  t h e  r a t  
mammary g l a n d .
From t h e s e  s t u d i e s  i t  a p p e a r s  t h a t  DFMO i s  b l o c k i n g  
some a s p e c t  o f  t h e  p ro mo t ion  s t a g e  o f  c h e m i c a l l y  i nduced  
mammary c a r c i n o g e n e s i s  i n  t h e  r a t .  T h e s e  d a t a  a l s o  
p r o v i d e  e v i d e n c e  o f  t h e  c e n t r a l  r o l e  o f  ODC i n d u c t i o n  in  
t h e  p r o m o t i o n  s t a g e ( s )  o f  mammary c a r c i n o g e n e s i s  and 
i n d i c a t e  t h a t  DFMO i s  an e f f e c t i v e  a n t i p r o m o t e r  i n  t h i s  
s y s t e m .  T h e s e  f i n d i n g s  a r e  i n  a g r e e m e n t  w i t h  t h e  r e c e n t  
r e p o r t s  t h a t  p h o r b o l  e s t e r - s t i m u l a t e d  i n d u c t i o n  o f  ODC i s
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a p r e r e q u i s i t e  f o r  in.  v i t r o  t r a n s f o r m a t i o n  o f  mammary 
e p i t h e l i a l  c e l l s  ( G r e i n e r  g£. a l* /  1983)  and  p o i n t  t o  an 
a s s o c i a t i o n  be tween t h e  m o d u l a t i o n  o f  p o l y a m i n e  m e t a b o l i s m  
and s u p p r e s s i o n  o f  t u m o r  p r o m o t i o n  i n  v i t r o . T h e s e  
o b s e r v a t i o n s  a r e  a l s o  o f  p o t e n t i a l  c l i n i c a l  i m p o r t a n c e  
s i n c e  t h e y  a r e  c o n s i s t e n t  w i t h  t h e  r e p o r t  t h a t  DFMO 
s u p p r e s s e s  t h e  m e t a s t a t i c  p o t e n t i a l  o f  some t r a n s p l a n t a b l e  
s o l i d  t umors  (Sunkara  g i  a l * r  1982) and s u g g e s t  t h a t  DFMO 
c o u l d  be e f f e c t i v e  i n  p r e v e n t i n g  tumor r e c u r r e n c e  a s  w e l l  
a s  o c c u r r e n c e .
SECTION II
Requ i r emen t  o f  Po ly amine s  i n  DNA S y s n t h e s i s  
and P r o l i f e r a t i o n  by HeLa C e l l s
V . INTRODUCTION
The r o l e  o f  p o l y a m i n e s  i n  r e l a t i o n  t o  c e l l  p r o ­
l i f e r a t i o n  h a s  b e e n  r e v i e w e d  (Heby,  1 9 8 1 ;  Heby e_t a 1 . ,  
1984) .  C e l l  p r o l i f e r a t i o n  i n c l u d e s  two major  p r o c e s s e s :  
c e l l  g r o w t h  and d i v i s i o n .  The g r o w t h  p r o c e s s  s e r v e s  t o  
d o u b l e  a l l  t h e  s t r u c t u r a l  e l e m e n t s  a n d  f u n c t i o n a l  
c a p a c i t i e s  o f  t h e  c e l l .  The k e y  e v e n t  o f  c e l l  p r o ­
l i f e r a t i o n  i s  t h e  d u p l i c a t i o n  o f  DNA, b e c a u s e  i t  i s  an 
a b s o l u t e  g e n e t i c  p r e r e q u i s i t e  f o r  s u c c e s s f u l  c e l l  d i v i s i o n  
(Heby,  1 9 8 1 ) .  The p r o c e s s e s  o f  DNA r e p l i c a t i o n  and 
m i t o s i s  ( t h e  p e r i o d  t h a t  e n d s  w i t h  c e l l  d i v i s i o n )  a r e  
r e a d i l y  i d e n t i f i e d  and a l l o w  t h e  c e l l  c y c l e  t o  be d i v i d e d  
i n t o  f o u r  s u c c e s s i v e  p h a s e s ,  G l ,  S,  G2, and  M. G1 i s  t h e  
p e r i o d  b e t w e e n  m i t o s i s  (M) and  DNA s y n t h e s i s  (S ) ,  and G2 
i s  t h e  p e r i o d  b e t w e e n  S and M. The i n t e r m i t o t i c  p h a s e  
( G l ,  S,  and  G2) a r e  c h a r a c t e r i z e d  by  c o n t i n u o u s  c e l l  
g rowth  (Heby, 1981 ) .  In  t h e  HeLa c e l l  c u l t u r e  sy s t em used 
i n  t h i s  s t u d y ,  t h e  t o t a l  c e l l  c y c l e  l a s t s  22 h o f  which S 
ph a se  encompasse s  6 h ,  G2 pha se  4 h,  and m i t o s i s  1-2 h.
C e l l s  i n  c u l t u r e  a r e  g e n e r a l l y  a s y n c h r o n o u s ,  i .e. .  n o t  
a l l  o f  t h e  c e l l s  a r e  a t  t h e  same s t a g e  o f  t h e  c e l l  c y c l e .  
I t  i s  n e c e s s a r y  t o  s y n c h r o n i z e  t h e  c e l l  p o p u l a t i o n  i n  
o r d e r  t o  s t u d y  a p a r t i c u l a r  s t a g e  o f  t h e  c e l l  c y c l e .  
S y n c h r o n i z a t i o n  p r o c e d u r e s  f o r  c e l l  c u l t u r e  sy s t ems  have  
b e e n  r e v i e w e d  by M u e l l e r  and K a j i w a r a  ( 1 9 6 9 ) .  S t u d i e s
76
77
w i t h  c e l l  c u l t u r e s  h a v e  shown t h e  i n d u c t i o n  o f  ODC and 
s u b s e q u e n t  p o l y a m i n e  a c c u m u l a t i o n  t o  be  e v e n t s  t h a t  a r e  
c h a r a c t e r i s t i c  o f  Gl  p h a s e  (Heby 1 9 8 1 ) .  S i n c e  Gl  i s  
c o n s i d e r e d  t o  be  a p r e p a r a t i o n  f o r  S p h a s e ,  one  h a s  t o  
e v a l u a t e  t h e  p o s s i b i l i t y  t h a t  t h e  s y n t h e s i s  o f  p o l y a m i n e s  
d u r i n g  G l  i n s u r e s  t h a t  t h e  l e v e l  o f  p o l y a m i n e s  i s  
s u f f i c i e n t  t o  s u p p o r t  DNA s y n t h e s i s  d u r i n g  S p h a s e .  
A l t e r n a t i v e l y ,  p o l y a m i n e s  may be  r e q u i r e d  f o r  an e v e n t  
t h a t  o c c u r s  i n  Gl  and  i s  i n  i t s e l f  a p r e p a r a t i o n  f o r  S 
ph a se .  C e l l s  a r e  c o n s i d e r e d  t o  make t h e  t r a n s i t i o n  from 
Gl  t o  S p h a s e  when DNA s y n t h e s i s  b e g i n s ,  and  t h e  r o l e  o f  
p o l y a m i n e s  w i t h  r e s p e c t  t o  t h i s  t r a n s i t i o n  may e n a b l e  us  
t o  u n d e r s t a n d  t h e  a c t u a l  f u n c t i o n ( s )  o f  p o l y a m i n e s  i n  c e l l  
g rowth .  C o n s e q u e n t l y ,  t h e  e x p e r i m e n t s  o f  t h e  p r e s e n t  s t u d y  
f o c u s  p r i m a r i l y  on DNA s y n t h e s i s  and p r o l i f e r a t i o n  i n  
r e s p o n s e  t o  p o l y a m i n e  d e p l e t i o n .
F i l l i n g a m e  and M o r r i s  (1973) s t i m u l a t e d  l ymphocyt e s  
t o  i n i t i a t e  DNA s y n t h e s i s  by t h e  a d d i t i o n  o f  c o n c o n a v a l i n -  
A (Con-A) t o  p r i m a r y  c u l t u r e s .  T h i s  s t i m u l a t i o n  was 
accompanied  by a 1 0 - 15  f o l d  i n c r e a s e  in  p u t r e s c i n e ,  a 5-7 
f o l d  i n c r e a s e  in  s p e r m i d i n e ,  and a 2 -2 .5  f o l d  i n c r e a s e  in 
spe rm ine .  In  a s u b s e q u e n t  s t u d y  t h e y  ( F i l l i n g a m e  a t  a l . .  
1975)  showed t h a t  MGBG, an  i n h i b i t o r  o f  s p e r m i d i n e  and 
sp e rmine  b i o s y n t h e s i s ,  i n h i b i t e d  t h e  s y n t h e s i s  o f  DNA in 
C o n - A - a c t i v a t e d  l y m p ho c y t e s .  There  was a marked d e c r e a s e  
i n  spe rm ine  and s p e r m i d i n e  a c c u m u l a t i o n ,  b u t  p r o t e i n  and 
RNA s y n t h e s e s  w e r e  n o t  a f f e c t e d .  T h i s  i n h i b i t i o n  was
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r e v e r s e d  by t h e  a d d i t i o n  o f  s p e r m i d i n e .  The dose  r e s p o n s e  
c u r v e s  f o r  t h e  i n h i b i t i o n  o f  s p e r m i d i n e  s y n t h e s i s  and DNA 
s y n t h e s i s  were s i m i l a r .
M o r r i s  ei .  &1* (1977) found t h a t  w h i l e  MGLG i n h i b i t e d  
t h e  s y n t h e s i s  o f  s p e r m i n e  and  s p e r m i d i n e  i n  l y m p h o c y t e s  
s t i m u l a t e d  by Con-A, i t  a l l o w e d  c o n t i n u e d  p u t r e s c i n e  p r o ­
d u c t i o n  i n  t h e s e  c e l l s .  When a c o m b i n a t i o n  o f  MGBG and  -  
me th y 1 -o rn i t h in e ( M O)  was added t o  t h e  l ymphocy t e  c u l t u r e s ,  
t h e  i n h i b i t i o n  o f  DNA s y n t h e s i s  was a c c e n t u a t e d ,  b u t  s t i l l  
t h e r e  was no e f f e c t  on p r o t e i n  o r  RNA s y n t h e s i s .  Heby
(1977 )  s t u d i e d  t h e  e f f e c t  o f  MGBG on e x p o n e n t i a l l y  
g r o w i n g  p o p u l a t i o n s  o f  r a t  b r a i n  t u m o r  c e l l s .  MGBG 
i n h i b i t e d  c e l l  p r o l i f e r a t i o n  w i t h i n  one g e n e r a t i o n  t ime .  
C o n t i nu ed  a c c u m u l a t i o n  o f  c e l l s  i n  t h e  Gl phas e  o c c u r r e d  
w i t h  s u s t a i n e d  t r e a t m e n t .  There  was a marked d e c r e a s e  in  
t h e  c o n t e n t  o f  s p e r m i n e  and s p e r m i d i n e  i n  t h e s e  c e l l s .  
The c e l l s  d i d  n o t  e m e r g e  f ro m t h e i r  G l - a r r e s t  a f t e r  t h e  
a d d i t i o n  o f  s p e r m i d i n e  o r  f r e s h  medium and a p p a r e n t l y  had 
become i r r e v e r s i b l y  b l o c k e d .
S e y f r i e d  and M o r r i s  (1979) examined t h e  r e l a t i o n s h i p  
b e t w e e n  t h e  i n h i b i t i o n  o f  DNA r e p l i c a t i o n  and  r e d u c e d  
i n t r a c e l l u l a r  p o l y a m i n e  c o n c e n t r a t i o n s  t h r o u g h  t h e  use  o f  
DFMO. A d d i t i o n  o f  DFMO t o  C o n - A - a c t i v a t e d  b o v i n e  lympho­
c y t e s  r e s u l t e d  i n  a 90% d e c r e a s e  i n  p o l y a m i n e  a c c u m u l a t i o n  
and  was a c c o m p a n i e d  by  a c o r r e s p o n d i n g  i n h i b i t i o n  o f  t h e  
r a t e  o f  ^ H - t h y m i d i n e  (^H-TdR) i n c o r p o r a t i o n  i n t o  DNA. 
A u t o r a d i o g r a p h i c  measuremen ts  showed t h a t  t h e  i n h i b i t o r y
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e f f e c t  was n o t  f r o m  a d e c r e a s e d  p e r c e n t a g e  o f  c e l l s  i n  S 
p h a s e .  F u r t h e r ,  i n h i b i t i o n  o f  DNA r e p l i c a t i o n  c o u l d  be  
n e g a t e d  by t h e  a d d i t i o n  o f  p u t r e s c i n e  s i m u l t a n e o u s l y  w i t h  
DFMO. The  e f f e c t  a p p e a r e d  t o  b e  s p e c i f i c  f o r  DNA 
s y n t h e s i s  s i n c e  t h e  r a t e s  o f  p r o t e i n  and  RNA s y n t h e s e s  
we re  n o t  a l t e r e d .  T h i s  e x p e r i m e n t  s u g g e s t e d  t h a t  t h e  
o b s e r v e d  i n h i b i t i o n  o f  DNA s y n t h e s i s  was a r e s u l t  o f  
p o ly am in e  d e p l e t i o n  and was no t  r e l a t e d  t o  any pha rmaco ­
l o g i c a l  a c t i o n  o f  t h e  d rug .
Working  w i t h  s y n c h r o n i z e d  HeLa c e l l s  H e r b s t  and 
B r a n c a  ( 1 9 81 )  d e m o n s t r a t e d  t h a t  t h e  n o n - p h y s i o l o g i c a  1 
d i a m i n e ,  1 ,  3 - d i a m i n o - 2 - p r o p a n o 1  , (DAP-OH) a n d  DFMO 
s u c c e s s f u 1 l y  d e p l e t e d  t h e  i n t r a c e l l u l a r  p u t r e s c i n e  and  
s p e r m i d i n e  c o n c e n t r a t i o n  w h i l e  s i m u l t a n e o u s l y  r e d u c i n g  
s p e r m i n e  c o n c e n t r a t i o n s .  DAP-OH, a t  a c o n c e n t r a t i o n  o f  
ImM e l i m i n a t e d  t h e  s t i m u l a t i o n  o f  ODC by a d d i t i o n  o f  f r e s h  
medium t o  q u i e s c e n t  HeLa c e l l s  by t h e  i n d u c t i o n  o f  ODC 
an t i z ym e  (Branca and H e r b s t ,  1980) .  The i n h i b i t i o n  o f  ODC 
a c t i v i t y  r e s u l t e d  in  a 40-50% r e d u c t i o n  o f  H-TdR i n c o r ­
p o r a t i o n  i n t o  DNA o f  i n t a c t  c e l l s .  F u r t h e r m o r e ,  c e l l  
p r o l i f e r a t i o n  was p r e v e n t e d  i n  s y n c h r o n i z e d  c e l l s  which 
were t r e a t e d  w i t h  t h i s  i n h i b i t o r  c o m b i n a t i o n .  A d d i t i o n  o f  
s p e r m i d i n e  t o  t h e  c u l t u r e s  24 h p r i o r  t o  S ph a se  r e v e r s e d  
t h i s  i n h i b i t i o n .
Cell-Free System? tfi. study d n a  Synthesis
I n  o r d e r  t o  g a i n  f u r t h e r  i n s i g h t  i n t o  t h e  m o l e c u l a r  
m ec h a n i s m s  o f  DNA r e p l i c a t i o n ,  an  i a  v i t r o s y s t e m  n o t
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s u b j e c t  t o  t h e  p e r m e a b i l i t y  r e s t r i c t i o n s  o f  i n t a c t  c e l l s  
and more amenab l e  t o  t h e  a s s a y  o f  c e l l  m a c r o m o l e c u l e s  i s  
r e q u i r e d .  Some mode l s  which hav e  been  w i d e l y  used  i n c l u d e  
c e l l  l y s a t e s ,  p e r m e a b i 1 i z e d  c e l l s ,  and i s o l a t e d  n u c l e i .  
D e s p i t e  d i s r u p t i o n  o f  t h e  c e l l  s t r u c t u r e ,  i s o l a t e d  n u c l e i  
s u p p o r t  s e m i - c o n s e r v a t i v e  DNA r e p l i c a t i o n  a t  o r  n e a r  a 
r a t e  c o m p a r a b l e  t o  t h e  r e p l i c a t i o n  r a t e  o f  c e l l s  f r om  
w h i c h  t h e y  a r e  d e r i v e d  (Lynch  g.£ & ! . ,  1970 ;  H a l l i c k  and 
Namba, 1974; Knut son and M o r r i s ,  19778) .
F r i e d m a n  and  M u e l l e r  ( 19 68 )  d e s c r i b e d  a n u c l e a r  
sy s t e m  o f  DNA s y n t h e s i s  f rom s y n c h r o n i z e d  HeLa c e l l s  which 
a p p e a r e d  t o  c o n t i n u e  t h e  r e p l i c a t i o n  p r o c e s s  i a  v i v o.  In  
a d d i t i o n  t o  n u c l e i ,  t h e  sy s t em  r e q u i r e d  a l l  4 d e o x y r i b o -  
n u c l e o s i d e  t r i p h o s p h a t e s ,  Mg^ + , ATP, and a h e a t - l a b i l e ,  
S H - s e n s i t i v e  f a c t o r  f r o m t h e  c y t o p l a s m i c  f r a c t i o n .  The 
a c t i v i t y  o f  t h e  c y t o p l a s m i c  f r a c t i o n  p l u s  t h e  i s o l a t e d  
n u c l e i  c o r r e l a t e d  c l o s e l y  w i t h  t h e  DNA s y n t h e t i c  a c t i v i t y  
o f  i n t a c t  c e l l s  i n  s y n c h r o n i z e d  c u l t u r e s .  F r a s e r  and 
Huberman ( 1978)  came t o  t h e  same c o n c l u s i o n  w o r k i n g  w i t h  
c e l l  l y s a t e s .  They found t h a t  when HeLa c e l l s  were l y s e d  
i n  h y p o t o n i c  b u f f e r  and  t h e  l y s a t e  was f r a c t i o n a t e d  by 
c e n t r i f u g a t i o n  i n t o  p a r t i c u l a t e  and s o l u b l e  component s ,  
t h e  p a r t i c u l a t e  component  ( n u c l e i )  was d e f i c i e n t ,  compared 
t o  u n f r a c t i o n a t e d  l y s a t e ,  i n  t h e  e x t e n t  t o  w h i c h  i t  
c a r r i e d  o u t  DNA s y n t h e s i s  i n  v i t r o . When i s o l a t e d  n u c l e i  
were combined w i t h  t h e  c y t o s o l  component ,  t h e  c a p a c i t y  o f  
t h e  n u c l e i  f o r  in. v i t r o  DNA s y n t h e s i s  was f u l l y  r e s t o r e d .
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They  c o n c l u d e d  t h a t  t h e  c y t o s o l  c o m p o n e n t  c o n t a i n e d  a 
f a c t o r  o r  f a c t o r s  n e c e s s a r y  f o r  DNA r e p l i c a t i o n .
S e k i  e t  a 1 . ( 1975)  worke d  w i t h  a p e r m e a b l e  c e l l
s y s t e m  t o  s t u d y  DNA r e p l i c a t i o n  i n  s y n c h r o n i z e d  HeLa 
c e l l s .  They  t r e a t e d  t h e  c e l l s  i n  S p h a s e  w i t h  h y p o t o n i c  
b u f f e r  t o  make t h em  p e r m e a b l e  t o  n u c l e o t i d e s  and t h e n  
p r o v i d e d  them w i t h  d e o x y r i b o s i d e  t r i p h o s p h a t e s ,  ATP, Mg^+ 
and t h e  p r o p e r  i o n i c  e n v i r o n m e n t  t o  s y n t h e s i z e  DNA. The 
DNA r e p l i c a s e  a c t i v i t y ,  a s  measured  i n  p e r m e a b l e  c e l l s  a t  
d i f f e r e n t  p o i n t s  i n  t h e  c e l l  c y c l e ,  c o r r e l a t e d  w i t h  t h e  
r a t e  o f  [ ^ ] - t h y m i d i n e  i n c o r p o r a t i o n  m e a s u r e d  i n  t h e  
i n t a c t  c e l l s .  I n  t h e i r  s u b s e q u e n t  s t u d i e s ,  t h e y  f o u n d  
t h a t  t h e  e s t a b l i s h m e n t  a s  w e l l  a s  m a i n t e n a n c e  o f  DNA 
r e p l i c a s e  a c t i v i t y  i n  S ph a se  c e l l s  was de p e n d e n t  on t h e  
c o n t i n u e d  s y n t h e s i s  o f  p r o t e i n  and RNA (Seki  and M u e l l e r ,  
1975) .
The opt imum c o n d i t i o n s  f o r  DNA s y n t h e s i s  i n  HeLa c e l l  
n u c l e i  were  d e f i n e d  and t h e  r e l a t i o n s h i p  o f  t h e  s y n t h e s i s  
i n  v i t r o  t o  DNA r e p l i c a t i o n  in. y i v g  was e x p l o r e d  by 
Hershey  f i t  &i- ( 1973) .  P r o t e i n s  o f  t h e  c y t o s o l  were found 
e s s e n t i a l  t o  t h e  s t a b i l i z a t i o n  o f  t h e  r e p l i c a t i o n  sy s tem.  
E x p e r i m e n t s  i n  w h i c h  t h e  p a r e n t a l  s t r a n d s  w e r e  
f r a c t i o n a l l y  l a b e l l e d  w i t h  b r o m o d e o x y u r i d i n e  p r o v i d e d  
e v i d e n c e  t h a t  t h e  o r d e r e d  n a t u r e  o f  DNA r e p l i c a t i o n  i n  
yiy. f i  i s  p r e s e r v e d  i n  t h e  s y s t e m  i a  v i t r o . Krokan  fi t  a l .  
( 1975)  f o u n d  t h a t  l ow c o n c e n t r a t i o n s  o f  s p e r m i n e  and  
s p e r m i d i n e  (0 .2  -  1 . 5  x 1 0 “ ^ M) w e re  s t i m u l a t o r y  (10-15%
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s t i m u l a t i o n )  whe rea s  h i g h e r  c o n c e n t r a t i o n s  were i n h i b i t o r y  
t o  DNA r e p l i c a t i o n  i n  i s o l a t e d  n u c l e i  f r o m s y n c h r o n i z e d  
HeLa c e l l s .  I n  a d d i t i o n ,  NH^Cl ,  T r i s  HC1, f o u r  r i b o -  
n u c l e o s i d e  t r i p h o s p h a t e s  a s  w e l l  a s  g l y c e r o l  w e re  a l s o  
s t i m u l a t o r y  t o  DNA s y n t h e s i s  i n  t h i s  sys tem.
Seki  and M u e l l e r  (1976) d e v e l o p e d  c o n d i t i o n s  f o r  t h e  
d i s s o l u t i o n  o f  t h e  DNA r e p l i c a t i o n  components  o f  S phase  
HeLa c e l l  n u c l e i  and t h e  r e c o n s t i t u t i o n  o f  t h e  sys t em from 
b i o c h e m i c a l l y  f r a c t i o n a t e d  component s .  The e x t r a c t i o n  of  
n u c l e i  w i t h  0.3 M NaCl s o l u t i o n  p e r m i t t e d  t h e  s e p a r a t i o n  
o f  t h e  r e p l i c a s e  a c t i v i t y  i n t o  e x t r a c t a b l e  components  and 
r e s i d u e - b o u n d  components  which  were e s s e n t i a l l y  i n a c t i v e  
when a s s a y e d  a l o n e ,  b u t  w ork ed  s y n e r g i s t i c a 1 1 y when 
c o m b i n e d  i n  t h e  DNA r e p l i c a s e  a s s a y .  A d d i t i o n  o f  c y t o ­
p l a s m i c  f a c t o r s  f u r t h e r  e n h a n c e d  t h e  e f f e c t  o f  n u c l e a r  
e x t r a c t  on DNA r e p l i c a t i o n  c a p a c i t y  o f  i s o l a t e d  n u c l e i .  
T h i s  d e m o n s t r a t i o n  o p e n e d  t h e  way t o  i d e n t i f y  t h e  
e s s e n t i a l  c o m p o n e n t s  o f  DNA r e p l i c a t i o n ,  and  p o s s i b l y  
c h r o m a t i n  r e p l i c a t i o n  i n  t h e  e u k a r y o t i c  c e l l  n u c l e u s .  
Brun and W e i s s b a c h  (1978)  w e re  n o t  a b l e  t o  r e p l a c e  t h e  
n u c l e a r  s a l t  e x t r a c t  w i t h  known p u r i f i e d  HeLa c e l l  DNA or  
RNA p o l y m e r a s e s  i n  a r e c o n s t i t u t e d  DNA r e p l i c a s e  sys t em o f  
HeLa c e l l s  and t h u s  c o n c l u d e d  t h a t  some o t h e r  p r o t e i n s  
p r e s e n t  i n  t h e  n u c l e a r  s a l t  e x t r a c t  must  a l s o  be r e q u i r e d  
f o r  DNA s y n t h e s i s .  I n  a d d i t i o n ,  t h e i r  t h e r m a l  
d e n a t u r a t i o n  s t u d i e s  i n d i c a t e d  t h a t  on e  o r  more h e a t -  
l a b i l e  p r o t e i n s  t i g h t l y  bound t o  c h r o m a t i n  were r e q u i r e d
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f o r  DNA r e p l i c a t i o n .
Br ewer  (1979 )  p a r t i a l l y  p u r i f i e d  a h e a t - s t a b l e  
s t i m u l a t o r  o f  DNA r e p l i c a t i o n  f rom a q u e o u s  e x t r a c t s  o f  
i s o l a t e d  n u c l e i  and  i n t a c t  p l a s m o d i a  o f  P h y s a r u m po l y -  
£.£.Eh&lum. T h i s  f a c t o r  i n c r e a s e d  t h e  r a t e  o f  DNA 
r e p l i c a t i o n  i n  S ph a se  n u c l e i .  I t  c o n t a i n e d  l i t t l e  o r  no 
d e o x y r i b o n u c l e a s e  o r  DNA p o l y m e r a s e  a c t i v i t y ,  and i t  d i d  
n o t  a f f e c t  DNA p o l y m e r a s e  a c t i v i t y  a s s a y e d  u s i n g  a 
p u r i f i e d  DNA t e m p l a t e .
M u e l l e r  e i  &! (1981)  s t u d i e d  t h e  i n f l u e n c e  o f  c y t o s o l  
p r o t e i n s  on t h e  r e p l i c a t i o n  o f  DNA and c h r o m a t i n  i n  
i s o l a t e d  n u c l e i  f rom F r i e n d  e r y t h r o l e u k e m i a  c e l l s .  In  t h e  
a b s e n c e  o f  c y t o s o l  p r o t e i n s ,  DNA c h a i n  g r o w t h  t e n d e d  t o  
s t o p  a f t e r  t h e  a d d i t i o n  o f  a p p r o x i m a t e l y  200 n u c l e o t i d e s  
t o  t h e  ends  o f  growing  c h a i n s .  In t h e  p r e s e n c e  o f  c y t o s o l  
p r o t e i n s ,  t h e s e  s e c t i o n s  grew t o  a p p r o x i m a t e l y  250 n u c l e o ­
t i d e s ,  and  p a r t i c i p a t e d  i n  t h e  s t e p w i s e  e x t e n s i o n  o f  t h e  
r e p l i c a t i o n  p r o c e s s  t h r o u g h  a d j a c e n t  n u c l e o s o m a l  s e c t i o n s  
o f  t h e  t e m p l a t e .
Enomoto £_t a l *  ( 1983a )  f u r t h e r  c h a r a c t e r i z e d  t h e  
r e c o n s t i t u t e d  n u c l e a r  s y s t e m s ,  made by add ing  n u c l e a r  s a l t  
e x t r a c t s  t o  s a l t  t r e a t e d  n u c l e i  o f  HeLa c e l l  DNA 
r e p l i c a t i o n .  I n  a d d i t i o n ,  by u s i n g  s a l t - t r e a t e d  n u c l e i  
and a r e c o n s t i t u t e d  n u c l e a r  sy s t em ,  t h e y  i n v e s t i g a t e d  t h e  
r o l e s  o f  ATP i n  t h e  p r o c e s s e s  o f  t h e  s y n t h e s i s  and s u b ­
s e q u e n t  j o i n i n g  o f  O k a z a k i  f r a g m e n t s .  I n  t h e  r e c o n ­
s t i t u t e d  n u c l e a r  s y s t e m  c o n s i s t i n g  o f  0.2 M K C l - t r e a t e d
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n u c l e i ,  which were d e f i c i e n t  in  t h e  f u n c t i o n  t o  s y n t h e s i z e  
h igh  m o l e c u l a r  w e i g h t  DNA, and t h e i r  co mp l eme n ta ry  n u c l e a r  
e x t r a c t ,  t h e  f u n c t i o n  t o  c o n v e r t  Okazaki  f r a g m e n t s  t o  h igh  
m o l e c u l a r  w e i g h t  DNA was r e s t o r e d .  DNA s y n t h e s i s  i n  t h e  
r e c o n s t i t u t e d  s y s t e m s  was  m a r k e d l y  i n h i b i t e d  by  
a p h i d i c o l i n  and by  1 - ^ - D - a r a b i n o f u r a n o s y l c y t o s i n e  5 
t r i p h o s p h a t e  b u t  n o t  b y  2 1 , 3 ' - d i d e o x y t h y m i d i n e  
t r i p h o s p h a t e .  ATP was r e q u i r e d  f o r  t h e  s y n t h e s i s  o f  
O k a z a k i  f r a g m e n t s  b u t  i t  c o u l d  be  r e p l a c e d  w i t h  dATP and 
p a r t i a l l y  by  ADP. I n  t h e i r  s u b s e q u e n t  work (Enomoto 
a l . f  1983b) t h e y  p u r i f i e d  two f  rms o f  DNA p o l y m e r a s e  o< (I 
and I I )  f rom HeLa c e l l  n u c l e i .  Both o f  t h e s e  p o l y m e r a s e s  
e x h i b i t e d  p r o p e r t i e s  c h a r a c t e r i s t i c  o f  DNA p o l y m e r a s e  
o( b u t  d i f f e r e d  i n  c h r o m a t o g r a p h i c  and  e l e c t r o p h o r e t i c  
b e h a v i o r s ,  i n  t h e i r  s a l t  r e q u i r e m e n t s  f o r  o p t i m a l  a c t i v i t y  
and i n  t h e i r  p r e f e r e n c e  o f  t e m p l a t e - p r i m e r .  The a u t h o r s  
c o m p a r e d  f o r m s  I and  I I  w i t h  DNA p o l y m e r a s e s  I I I  h o l o -  
enzyme and  DNA p o l y m e r a s e  I o f  E^ . c a l i ,  r e s p e c t i v e l y .  
T h e i r  d a t a  s u g g e s t e d  t h a t  DNA p o l y m e r a s e  fo r m  I was 
r e s p o n s i b l e  f o r  t h e  s y n t h e s i s  o f  Okazaki  f r a g m e n t s  w h i l e  
f o rm  I I  was i n v o l v e d  i n  t h e  g a p - f i l l i n g  s t e p  b e t w e e n  
a d j a c e n t  Okazaki  f r a g m e n t s .
I n  o u r  l a b o r a t o r y ,  i n  an e x t e n s i o n  o f  t h e  work by 
H e r b s t  a n d  B r a n c a  ( 1 9 8 1 ) ,  H e r b s t  a n d  E l l i o t  ( 1 9 8 1 )  
o b t a i n e d  c o m p l e t e  d e p l e t i o n  o f  p u t r e s c i n e  and s p e r m i d i n e  
i n  HeLa c e l l s  which had been  s y n c h r o n i z e d  f o r  S ph a se  DNA 
s y n t h e s i s  and  s i m u l t a n e o u s l y  t r e a t e d  w i t h  DFMO. N u c l e i
85
f r o m  t h e s e  c e l l s  w e r e  a l m o s t  i n a c t i v e  f o r  i a  v i t r o  DNA 
s y n t h e s i s .  S p h a s e  DNA s y n t h e s i s  was r e s t o r e d  i f  e i t h e r  
p u t r e s c i n e ,  s p e r m i d i n e  o r  s p e r m i n e  was a d d e d  t o  t h e  
c u l t u r e  medium 26 h p r i o r  t o  i s o l a t i o n  o f  n u c l e i .  When 
c u l t u r e s  c o n t a i n i n g  DFMO wer e  s u p p l e m e n t e d  w i t h  10 juM 
s p e r m i d i n e  a t  i n i t i a t i o n  o f  S p h a s e ,  a n a l y s i s  o f  i n t r a ­
c e l l u l a r  p o l y a m i n e s  i n  c e l l s  i s o l a t e d  2 h a f t e r  t h e  
i n i t i a t i o n  o f  S p h a s e  showed r e p l e n i s h m e n t  o f  i n t r a ­
c e l l u l a r  s p e r m i d i n e .  T h u s ,  t h e  f a i l u r e  o f  n u c l e i  f r om 
c e l l s  d e p l e t e d  o f  p o l y a m i n e s  t o  a c h i e v e  s y n c h r o n o u s  S 
p h a s e  DNA s y n t h e s i s  was n o t  due  t o  a d e l a y  i n  t h e  i n t r a ­
c e l l u l a r  r e p l e n i s h m e n t  o f  s p e r m i d i n e .  An i n d i r e c t  e f f e c t  
o f  p o l y a m i n e s  on DNA s y n t h e s i s  was s u g g e s t e d  by  t h e s e  
e x p e r i m e n t s .  The aim o f  t h e  p r e s e n t  s t u d y  was t o  f u r t h e r  
c h a r a c t e r i z e  t h e  r o l e  o f  p o l y a m i n e s  i n  HeLa c e l l  DNA 
r e p l i c a t i o n .
VI.  MATERIALS AND METHODS
C u l t u r e  Medium and Ma in t enance
S t o c k  c u l t u r e s  o f  HeLa S3 c e l l s  we re  o b t a i n e d  f ro m 
Dr.  She l don  Penman,  Depa r tmen t  o f  B i o l o g y ,  MIT, Cambr idge ,  
MA. Stock  s u s p e n s i o n  c u l t u r e s  were m a i n t a i n e d  in  e i t h e r  
o f  two  t y p e s  o f  s p i n n e r  f l a s k s  ( K o n t e s  G l a s s  C o . ,  
V i n e l a n d ,  NJ,  o r  B e l c o  G l a s s  Co . ,  V i n e l a n d ,  N J ) , i n  a 
T h e l c o  m e c h a n i c a l  c o n v e c t i o n  i n c u b a t o r .  E x p e r i m e n t a l  
s u s p e n s i o n  c u l t u r e s  w e re  s h a k e n  c o n t i n u o u s l y  i n  f l a t  
b o t t o m  b o i l i n g  f l a s k s  i n  a r o t a r y  s h a k e r - i n c u b a t o r  (New 
Brunswick Ps ych ro the rm)  a t  37°C and 140 rpm.
C a l c i u m  and  m a g n e s i u m - f r e e  B a s a l  M i n i m a l  E a g l e ' s  
Medium (BME, T a b l e  14) ,  su p p l e m e n te d  w i t h  10% ( v / v )  h o r s e  
s e r u m ,  0 .1  mM g l y c i n e ,  0 .1  mM s e r i n e  and  0 .0 1  mM myo­
i n o s i t o l  was u s e d  t o  m a i n t a i n  s t o c k  and  e x p e r i m e n t a l  
s u s p e n s i o n  c u l t u r e s .  Ca l c i um  and magnesium were n o t  added 
t o  t h e  medium f o r  s u s p e n s i o n  c u l t u r e s  b e c a u s e  t h e s e  
d i v a l e n t  c a t i o n s  were  found t o  c o n t r i b u t e  t o  t h e  a d h e s i o n  
o f  c e l l s  t o  one a n o t h e r  and t o  t h e  s u r f a c e  o f  t h e  c u l t u r e  
v e s s e l .  P l u r o n i c  F - 6 8 ,  a s u r f a c t a n t  was a d d e d  t o  t h e  
medium t o  a c o n c e n t r a t i o n  o f  0.01% (w/v)  t o  p r e v e n t  c e l l  
c l u m p i n g .
The pH o f  t h e  medium was m a i n t a i n e d  a t  7.2 by t h e  
u s e  o f  a b i c a r b o n a t e - C C >2 b u f f e r i n g  s y s t e m .  The b i c a r ­




COMPOSITION OF BASAL MINIMAL EAGLE'S MEDIUM (MODIFIED)
AMOUNT IN 1 LITER OF 
COMPONENT COMPLETE MEDIUM
Glucose 1 .0 g
Pheno l  Red 1 0 .0 mg
NaHC03 2 .2 mg
L - A r g in i n e  HC1 2 .0 mg
L-Glu t amine 292 .0 mg
L - C y s t i n e 1 2 .0 mg
L - H i s t i d i n e 8 .0 mg
L - I s o l e u c i n e 26 .0 mg
L-Leucine 26 .0 mg
L-Lys ine 36.47 mg
L-Meth ion ine 7 .5 mg
L - P h e n y l a l a n i n e 16 .5 mg
L-Tryp tophan 4 . 0 mg
L- Thr eo n in e 24 .0 mg
L - T y ro s i n e 18 .0 mg
L -V a l i n e 23 . 5 mg
B i o t i n 1 .0 mg
C a - D - P a n t o t h e n a t e 1 .0 mg
C h o l in e 1 .0 mg
F o l i c  Acid 1 .0 mg
N i c o t i n a m i d e 1 .0 mg
P y r i d o x a l  HC1 1 .0 mg
R i b o f l a v i n 0 .1 0 mg
Thiamine  HC1 1 .0 mg
P e n i c i l l i n - G 30.0 mg
S t r e p to m y c i n  S u l f a t e 50 .0 mg
KC1 0 .4 g
NaCl 6 .8 g
NaH2P04 *H20 0.14 g
P l u r o n i c  f - 68 1 .0 g
G ly c in e 7 . 5 mg
L - S e r i n e 1 0 .0 mg
M y o - I n o s i t o l 2 .0 mg
Horse Serum 100 .0 ml
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was p r o v i d e d  by t h e  a e r o b i c  r e s p i r a t i o n  o f  HeLa c e l l s  and 
by  a m i x t u r e  o f  95% a i r ,  5% C02 a d d ed  t o  t h e  c u l t u r e s  i n  
a c l o s e d  i n c u b a t i o n  sys tem.
Water  used  f o r  t h e  p r e p a r a t i o n  o f  c u l t u r e  medium was 
p u r i f i e d  by  r e v e r s e  o s m o s i s ,  c h a r c o a l  a d s o r p t i o n ,  d e ­
i o n i z a t i o n  i n  a M i l l i - Q - s y s t e m  ( M i l l i p o r e  Corp . ,  Bed fo rd ,  
MA) and g l a s s  d i s t i l l a t i o n  and s t e r i l i z e d  by a u t o c l a v i n g .  
The  a n t i b i o t i c s  u s e d  w e r e  p e n i c i l l i n ,  s t r e p t o m y c i n  
s u l f a t e ,  and f u n g a z o n e .  Hor se  s e r u m  ( i r r a d i a t e d ,  GIBCO) 
was added t o  a f i n a l  c o n c e n t r a t i o n  o f  10% ( v / v ) .
A l l  g l a s s  s p i n n e r  f l a s k s  and f l a t  b o t t o m e d  b o i l i n g  
f l a s k s  u s e d  f o r  s t o c k  and  e x p e r i m e n t a l  c u l t u r e s  we re  
s i l i c o n i z e d  w i t h  a 1% s o l u t i o n  o f  d i c h l o r o d i m e t h y l - s i l a n e  
i n  b e n z e n e  t o  a v o i d  t h e  a d h e s i o n  o f  c e l l s  t o  t h e  s u r f a c e  
o f  t h e  c u l t u r e  v e s s e l s .
S t o c k  s u s p e n s i o n  c u l t u r e s  w e r e  m a i n t a i n e d  i n  
e x p o n e n t i a l  p h a s e  by  a d a i l y  d i l u t i o n  o f  h i g h  d e n s i t y  
s p i n n e r  c u l t u r e s  ( 5 - 6  x 10^ c e l l s / m l ) :  h a l f  o f  t h e  c e l l  
c u l t u r e  v o l u m e  was d i s c a r d e d  and r e p l a c e d  w i t h  an e q u a l  
v o l u m e  o f  f r e s h  BME medium.  A Royco a u t o m a t i c  c e l l  
c o u n t e r  (Royco I n s t r u m e n t s ,  Menlo  P a r k ,  CA) was u s e d  f o r  
c e l l  c o u n t s .  E r y t h r o s i n  B (0.04% i n  0.4% NaCl)  was u s e d  
t o  check c e l l  v i a b i l i t y .  Dead c e l l s  t a k e  up t h i s  dye and 
a p p e a r  r e d ,  w h e r e a s  t h e  l i v i n g  c e l l s  e x c l u d e  t h e  d y e .  
C u l t u r e s  we re  g a s s e d  f o r  60 s e c o n d s  w i t h  95% a i r :  5% C02 . 
Two s p i n n e r  s t o c k  s u s p e n s i o n  c u l t u r e s  were m a i n t a i n e d .
To r e m o v e  t h e  d e a d  c e l l s  and r e v i t a l i z e  t h e  l i v i n g
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c e l l s ,  s t o c k  s u s p e n s i o n  c u l t u r e s  were t r e a t e d  w i t h  t r y p s i n  
(3600 NE u n i t s /m g)  e v e r y  10 days  and t r a n s f e r r e d  t o  a new 
s p i n n e r  c u l t u r e  v e s s e l .  T r y p s i n i z a t i o n  was p e r f o r m ed  by 
c e n t r i f u g i n g  5 0 - 6 0  x 10® c e l l s / 1 0 0  ml a t  500 x g f o r  10 
min a t  25°C.  A f t e r  d e c a n t i n g  t h e  medium,  c e l l s  we re  
r e s u s p e n d e d  i n  20 ml o f  0 .05 % t r y p s i n  i n  s a l i n e  A (20 
mg/ml  p h e n o l  r e d ,  8 mg/ml  N a C l ,  0.4 mg/ml  KC1, 1 mg/ml  
g l u c o s e ,  and  0 .35  mg/ml  NaHCC^). A f t e r  i n c u b a t i o n  f o r  7 
min i n  a 37°C w a t e r b a t h ,  t h e  e n z y m a t i c  r e a c t i o n  was 
s t o p p e d  by  t h e  a d d i t i o n  o f  an e q u a l  v o l u m e  o f  BME medium 
t o  t h e  c e l l  s u s p e n s i o n .  Th i s  s u s p e n s i o n  was c e n t r i f u g e d  
a s  a b o v e  and t h e  c e l l s  we re  r e s u s p e n d e d  i n  f r e s h  BME 
medium a t  3 x 10® c e l l s / m l  and  t r a n s f e r r e d  t o  s p i n n e r  
f l a s k s .  The c u l t u r e s  were g a s s e d  and p l a c e d  on mag ne t i c  
s t i r r e r s  and m a i n t a i n e d  a t  37°C.
F r e e z i n g  and R e c o n s t i t u t i o n  o f  HeLa S3 C e l l s
F r e e z i n g
F i v e  hundred  ml o f  f u l l y  grown (5-6 x 10® c e l l s / m l )  
s u s p e n s i o n  c u l t u r e  was c e n t r i f u g e d  a t  500 x g f o r  10 min 
a t  25°C.  C e l l s  w e re  r e s u s p e n d e d  i n  9 ml  o f  s t e r i l e  7.5% 
d i m e t h y l  s u l f o x i d e  (DMSO) i n  BME medium t o  a d e n s i t y  o f  
ab ou t  30 x 10® c e l l s / m l .  A l i q u o t s  o f  t h i s  s u s p e n s i o n  were 
t r a n s f e r r e d  t o  c r y o t u b e s ,  kep t  f o r  1 h a t  4°C,  and f o r  1 h 
a t  - 2 0 °C  f o l l o w e d  by o v e r n i g h t  a t  - 7 0 ° C .  The f r o z e n  
s t o c k s  were s t o r e d  i n  l i q u i d  n i t r o g e n  u n t i l  n eeded .  
R e c o n s t i t u t i o n
F or  t h e  r e c o n s t i t u t i o n  o f  f r o z e n  s t o c k s ,  t h e  c r y o -
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t u b e s  we re  t a k e n  o u t  o f  l i q u i d  n i t r o g e n  c o n t a i n e r s  and 
b r o u g h t  t o  room t e m p e r a t u r e .  C e l l s  were d i l u t e d  w i t h  5 
ml  o f  BME medium and  c e n t r i f u g e d  (500 x g ,  10 min ,  25°C) .  
The c e l l s  were r e s u sp e n d e d  and washed t w i c e  w i t n  10 ml o f  
BME. The washed p e l l e t  was r e s u sp e n d ed  i n  40 ml o f  BME/1.8 
ml  a l i q u o t  and  i n c u b a t e d  w i t h  s h a k i n g  f o r  48 t o  72 h.  At  
t h i s  s t a g e ,  i f  t h e  c e l l  number  had d o u b l e d ,  t h e  c u l t u r e s  
we re  r e f e d  and i n c u b a t e d  u n t i l  5 - 6  X 10^ c e l l s / m l  was 
o b t a i n e d .  The c e l l s  we r e  t r y p s i n i z e d  and  new s p i n n e r  
c u l t u r e s  were s t a r t e d  a s  p r e v i o u s l y  d e s c r i b e d .
S y n c h r o n i z a t i o n  o f  C e l l  D i v i s i o n  
C e l l s  m a i n t a i n e d  i n  s u s p e n s i o n  c u l t u r e s  w e r e  
s y n c h r o n i z e d  a c c o r d i n g  t o  t h e  p r o c e d u r e  o f  M u e l l e r  and 
Kaj awara  (1969) in  o r d e r  t o  s t u d y  t h e  S ph a se  o f  t h e  c e l l  
c y c l e .  C e l l s  we r e  t r e a t e d  w i t h  t r y p s i n  a s  d e s c r i b e d  
e a r l i e r  and s e e d e d  a t  1 . 25  x 10~* c e l l s / m l  i n  BME medium 
f o r  t h e  g rowth  o f  c o n t r o l  c e l l s  and 1.4 x 10^ c e l l s / m l  i f  
t h e y  were t o  be grown in  BME medium c o n t a i n i n g  1 mM DFMO. 
O n c e  t h e  c u l t u r e s  r e s u m e d  a l o g  p h a s e  g r o w t h ,  
a p p r o x i m a t e l y  32 h a f t e r  s e e d i n g ,  t h e  m ed iu m  was 
s u p p l e m e n te d  w i t h  1 mM th y m i d i n e  f o r  t h e  n e x t  16 h. Th is  
r e s u l t e d  i n  a b l o c k  o f  t h e  c e l l  c y c l e  a t  t h e  G l / S  p h a s e  
b o u n d a r y .  At  48 h a f t e r  s e e d i n g  t h e  t h y m i d i n e  b l o c k  was 
removed by c e n t r i f u g i n g  t h e  c e l l s  (500 x g ,  25°C, 10 min) 
and  w a s h i n g  t hem t w i c e  w i t h  a h a l f  v o l u m e  o f  s e r um  f r e e  
BME medium.  The c e l l s  we re  r e s u s p e n d e d  i n  c o m p l e t e  BME 
medium and  a l l o w e d  t o  r e c o v e r  f r o m  t h e  f i r s t  t h y m i d i n e
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b l o c k  by  i n c u b a t i o n  a t  37°C f o r  8 h.  At  56 h ( a f t e r  t h e  
i n i t i a l  s e e d i n g ) ,  t h e  c e l l s  were a g a i n  t r e a t e d  w i t h  1 mM 
t h y m i d i n e  f o r  t h e  n e x t  16 h. At 72 h t h e  c e l l s  we re  
r e l e a s e d  from t h e  s econd  t h ym id in e  b l o c k  as  s t a t e d  abov e .  
The s y n c h r o n i z e d  c o n t r o l  and DFMO t r e a t e d  c e l l s  were r e ­
s u s p e n d e d  i n  f r e s h  BME medium t o  a d e n s i t y  o f  5 X 10^ 
c e l l s / m l  t o  i n i t i a t e  S phas e  growth .
DNA S y n t h e s i s  i n  Sy nc h r on i ze d  HeLa C e l l s
At  a p p r o p r i a t e  i n t e r v a l s  d u r i n g  S p h a s e ,  2 .5  ml 
a l i q u o t s  o f  c u l t u r e s  were t r a n s f e r r e d  t o  12 ml c e n t r i f u g e  
t u b e s .  To e a c h  a l i q u o t ,  1.0 uCi  o f  [ m e t h y l - ^ H ] - t h y m i d i n e  
(20 j u C i / m l  i n  s t e r i l e  w a t e r )  was a d d e d ,  t h e  t u b e s  we r e  
g a s s e d  f o r  10 s e c o n d s  w i t h  95% a i r ,  5% C02 » mixed  w e l l ,  
and  i n c u b a t e d  f o r  30 min a t  37°C and  a t  an 8 °  s l a n t .  At  
t h e  end  o f  30 m in ,  t h e  t u b e s  we re  p l a c e d  on i c e .  The 
c o n t e n t s  o f  t h e  t u b e s  we re  mixed  v i g o r o u s l y  on a V o r t e x  
m i x e r  t o  l o o s e n  c e l l s  t h a t  had a t t a c h e d  t o  t h e  s i d e s  o f  
t h e  t u b e ,  5 ml  o f  c o l d  s a l i n e  was a d d ed  t o  e a c h  c e l l  
s u s p e n s i o n ,  and  t h e  m i x t u r e  was c e n t r i f u g e d  (1000  x g ,  5 
min,  4°C).  The p e l l e t  was r e s u sp e n d e d  and t h e  c e l l s  were 
wa shed  o n c e  w i t h  5 ml  o f  c o l d  s a l i n e .
A M i l l i p o r e  m u l t i f i l t e r  m a n i f o l d  eq u ipped  w i th  24 mm 
GFC g l a s s  f i b e r  f i l t e r s  p r e m o i s t e n e d  w i th  c o l d  s a l i n e  was 
used  t o  f i l t e r  t h e  washed c e l l  p e l l e t s .  C e l l  p e l l e t s  were 
r e s u s p e n d e d  i n  3 ml  o f  c o l d  s a l i n e  and t h i s  s u s p e n s i o n  
was  p o u r e d  i n t o  t h e  f i l t e r  w e l l  m a i n t a i n e d  u n d e r  a 
mode ra t e  vacuum. Tubes were r i n s e d  w i t h  a d d i t i o n a l  3 ml
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c o l d  s a l i n e  which was added and f i l t e r e d  w i t h  vacuum. The 
vacuum was r e l e a s e d  and a p p r o x i m a t e l y  15 ml  o f  c o l d  4% 
p e r c h l o r i c  a c i d  (PCA) was a d d e d  t o  e a c h  f i l t e r  w e l l  and 
a l l o w e d  t o  s l o w l y  f i l t e r  and s i m u l t a n e o u s l y  p r e c i p i t a t e  
t h e  DNA on t h e  f i l t e r .  The p r e c i p i t a t e  was t h e n  r i n s e d  
w i t h  15 ml 80% e t h a n o l  f o l l o w e d  by  15 ml  100% e t h a n o l  
unde r  vacuum. The f i l t e r s  were removed from t h e  M i l l i p o r e  
a p p a r a t u s  and d r i e d  u n d e r  a h e a t  l amp  i n  s c i n t i l l a t i o n  
v i a l s .  Ten  ml  o f  a s c i n t i l l a t i o n  c o c k t a i l  (4 g o f  
O m n i f l u o r / 1  o f  t o l u e n e )  was a dd ed  t o  e a c h  v i a l  and t h e  
r a d i o a c t i v i t y  on t h e  f i l t e r s  was c o u n t e d  i n  a Beckman 
m o d e l  LS 7 0 0 0  l i q u i d  s c i n t i l l a t i o n  c o u n t e r  a t  
a p p r o x i m a t e l y  80% e f f i c i e n c y .
DNA S y n t h e s i s  i n  Ce11 L y s a t e s  and I s o l a t e d  N u c l e i  
S p h a s e  DNA s y n t h e s i s  was a l s o  s t u d i e d  i n  c e l l  
l y s a t e s  and i s o l a t e d  n u c l e i  o b t a i n e d  f rom s y n c h r o n i z e d  
c e l l s .  C e l l s  were h a r v e s t e d  i n  S phase  a t  d e s i r e d  t im e s  
and c e l l  l y s a t e s  o r  n u c l e i  were p r e p a r e d  by Dounce homo­
g e n i z a t i o n  o f  c o n c e n t r a t e d  c e l l  s u s p e n s i o n s  i n  a h y p o t o n i c  
b u f f e r .  I n c o r p o r a t i o n  o f  ^ H - m e t h y 1 - t h y m i d i n e - 5 ' - t r i -  
p h o s p h a t e  was u s e d  t o  a n a l y z e  DNA s y n t h e s i s  i n  c e l l  
l y s a t e s  and t h e  i s o l a t e d  n u c l e i ,  
la a la te d  Nucl e i
M o d i f i c a t i o n s  o f  p r o c e d u r e s  by  Brun and  W e i s s b a c h  
(1978 ) ,  Krokan e t  a l .  ( 1975) ,  Sek i  and M u e l l e r  (1975) ,  and 
Enomoto e t  a l .  (1983a) were used  f o r  i s o l a t i o n  o f  n u c l e i .  
C e l l s  were c o l l e c t e d  by c e n t r i f u g a t i o n  (500 x g ,  25°C,  10
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min) and  washed  w i t h  i c e  c o l d  b u f f e r  A (10  m l / 1 0 0  ml 
c u l t u r e )  c o n s i s t i n g  o f  2 mM e t h y l e n e  g l y c o  1 - b i s - ( | 3 -  
a m i n o e t h y l  e t h e r )  N, N ' - t e t r a c e t i c  a c i d  (EGTA), 3mM MgCl2 , 
2 mM d i t h i o t h r e o t o  1 (DTT), 10 mM HEPES, pH 7.5 a d j u s t e d  a t  
4 °C ,  and 0 .1  mM p h e n y l m e t h y 1 - s u 1 f o n y 1 f l u o r i d e  (PMSF).  
A f t e r  c e n t r i f u g a t i o n  (1000  x g ,  5 m in ,  4 ° C ) , t h e  c e l l s  
we r e  r e s u s p e n d e d  i n  B u f f e r  A (50 x 10® c e l l s / m l )  and 
t r a n s f e r r e d  t o  a 7 ml Dounce  h o m o g e n i z e r  i n  an i c e  b a t h  
and a l l o w e d  t o  s w e l l  f o r  10 min.  The c e l l s  were b ro ke n  by 
30 s t r o k e s  o f  t h e  homogeni ze r  p e s t l e  and a h a l f - v o l u m e  o f  
b u f f e r  B (3 mM MgCl2 , 150 mM d e x t r o s e ,  0.15% T r i t o n  x - 1 0 0 ,  
340 mM T r i s  pH 8 .1  a t  20°C ,  and  0 .1  mM PMSF) was a d d e d .  
Th i s  was f o l l o w e d  by t h e  a d d i t i o n  o f  2.5 vo lumes  o f  b u f f e r  
C (2 v o l u m e s  A t o  1 v o l u m e  B) . A f t e r  m i x i n g  by  one  s t r o k e  
o f  t h e  p e s t l e ,  t h e  s u s p e n s i o n  was t r a n s f e r r e d  t o  a 12 ml 
C o r e x  t u b e .  The h o m o g e n i z e r  was r i n s e d  w i t h  a n o t h e r  2.5 
volumes  o f  b u f f e r  C, mixed w i t h  t h e  homogenate  and c e n t r i ­
f u g e d  (1000  x g ,  5 m in ,  4 °C) .  The n u c l e a r  p e l l e t  was 
r e s u s p e n d e d  i n  b u f f e r  D (2 v o l u m e s  b u f f e r  A t o  1 v o l u m e  
b u f f e r  B w i t h o u t  T r i t o n  X-100) a t  a f i n a l  c o n c e n t r a t i o n  o f  
a p p r o x i m a t e l y  10 x 10® n u c l e i / m l .  At t h i s  s t a g e  an e x a c t  
n u c l e a r  c o u n t  was o b t a i n e d  by  a d d i n g  25>ul  o f  t h e  b u f f e r  D 
s u s p e n s i o n  o f  n u c l e i  t o  475 ja 1 o f  e r y t h r o s i n  B (0.04% 
e r y t h r o s i n  B i n  0.4% NaCl  s o l u t i o n )  and c o u n t i n g  i n  a 
h e m o c y t o m e t e r . An a p p r o p r i a t e  v o l u m e  o f  n u c l e a r  
s u s p e n s i o n  ( to  g i v e  2-3 m i l l i o n  n u c l e i / a s s a y )  was added t o  
Corex a s s a y  t u b e s  and c e n t r i f u g e d  (1000 x g ,  5 min,  4°C) .
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N u c l e i  w e re  r e s u s p e n d e d  i n  t h e  a s s a y  t u b e s  and  
Weissbach  a s s a y  mix was added t o  a f i n a l  c o n c e n t r a t i o n  o f  
50 mM T r i s - H C l  pH 8 .1  a d j u s t e d  a t  20 °C ,  8 mM MgCl2 , 2 mM 
DTT, 6.5 mM ATP, 50 mM NaCl  and 0 .1  mM e a c h  o f  ciGTP, dCTP,  
dATP and  dTTP i n  a f i n a l  v o l u m e  o f  250 j u l .  Two >uCi o f  
r a d i o a c t i v e  J H-dTTP was added t o  e ach  a s s a y  t u b e ,  and t h e  
m i x t u r e  i n c u b a t e d  a t  37°C f o r  30 min .  C o n t e n t s  o f  a s s a y  
t u b e s  we re  mixed  and  p o u r e d  i n t o  w e l l s  o f  a M i l l i p o r e  
f i l t e r  m a n i f o l d  h o l d i n g  Whatman GFC g l a s s  f i b e r  f i l t e r s  
m o i s t e n e d  w i t h  b u f f e r  D. T u be s  we re  r i n s e d  t w i c e  w i t h  3 
ml b u f f e r  D and  a d d e d  t o  t h e  f i l t e r s .  The r e m a i n i n g  
p r o c e d u r e  was a s  d e s c r i b e d  e a r l i e r  f o r  s t u d y  o f  DNA 
s y n t h e s i s  i n  s y n c h r o n i z e d  c e l l s .
£e.ll Lysatas.
C e l l  l y s a t e s  were p r e p a r e d  by homogeni zing  c e l l s  i n  
B u f f e r  A in a Dounce homogen ize r  as  d e s c r i b e d  p r e v i o u s l y  
f o r  t h e  i s o l a t i o n  o f  n u c l e i .  The c e l l  h o m o g e n a t e  i n  
b u f f e r  A was l a b e l e d  t h e  c e l l  l y s a t e .  F o r  t h e  a s s a y  o f  
DNA s y n t h e s i s  i n  t h i s  l y s a t e ,  5 0 j u l  o f  t h e  l y s a t e  was 
added t o  t h e  a s s a y  t u b e  a l o n g  w i t h  t h e  Wei ssbach  mix,  and 
2 u C i  o f  -^H-dTTP i n  a f i n a l  v o l u m e  o f  250  ju. 1 .  The  
r e m a i n d e r  o f  t h e  p r o c e d u r e  was t h e  same a s  f o r  i s o l a t e d  
n u c l e i .
P r e p a r a t i o n  &f C y t o s o l
For  t h e  p r e p a r a t i o n  o f  c y t o s o l ,  n u c l e i  were removed 
by  c e n t r i f u g a t i o n  (1 000  x g ,  5 m in ,  4°C) o f  t h e  c e l l  
l y s a t e  a s  p r e v i o u s l y  d e s c r i b e d ,  and  t h e  s u p e r n a t a n t
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o b t a i n e d  f r o m  t h i s  c e n t r i f u g a t i o n ,  t e r m e d  t h e  " c y t o s o l  
f r a c t i o n " ,  was p o u r e d  i n t o  a 2 ml f r e e z e r  t u b e ,  c a p p e d ,  
and k e p t  on i c e  u n t i l  u s ed  i n  t h e  a s s a y  f o r  DNA s y n t h e s i s .  
A p p r o x i m a t e l y  1 ml o f  t h i s  c y t o s o l  f r a c t i o n  ( e q u i v a l e n t  t o  
100 x 10^ c e l l s / m l )  was o b t a i n e d  f r om  200 ml o f  c e l l  
s u s p e n s i o n  (5 x 10^  c e l l s / m l ) .  I n  t h e  i n  v i t r o  a s s a y ,  
c y t o s o l  f r o m  3 - 6  x 10^ c e l l s  was u s e d  f o r  3 x 10^ n u c l e i .
S a l t  E x t r a c t i o n  oiL Nuc l e i
M o d i f i c a t i o n  o f  t h e  Enomoto e t  a l .  (1983a) p r o c e d u r e
was u s e d  t o  e x t r a c t  n u c l e i  w i t h  s a l t .  N u c l e i  we r e  p r e ­
p a r e d  a c c o r d i n g  t o  t h e  e a r l i e r  p r o c e d u r e  u s i n g  b u f f e r  A-D 
and r e s u s p e n d e d  a t  a c o n c e n t r a t i o n  o f  50 x 10^ n u c l e i / m l  
i n  b u f f e r  A c o n t a i n i n g  0 . 2 5  M N a C l .  T h i s  n u c l e a r  
s u s p e n s i o n  was h e l d  on i c e  f o r  20 min and c e n t r i f u g e d  a t  
1000 x g f o r  5 min a t  4°C.  The s u p e r n a t a n t  was d e c a n t e d  
i n t o  a C o re x  t u b e  and  c e n t r i f u g e d  a t  1 0 , 0 0 0  x g f o r  10 min 
a t  4°C. T h i s  i s  r e f e r r e d  t o  a s  Enomoto' s  s a l t  e x t r a c t .
S ince  s a l t  c o n c e n t r a t i o n s  in  e x c e s s  o f  100 mM in  t h e  
a s s a y  a r e  known t o  i n h i b i t  i n  v i t r o  DNA s y n t h e s i s ,  i t  was 
n e c e s s a r y  t o  d e s a l t  t h e  n u c l e a r  e x t r a c t .  F o r  t h i s  
p u r p o s e ,  a s u s p e n s i o n  o f  6 ml o f  p r e - s w o l l e n  Sephadex G-25 
(10 g / 5 0  ml o f  d i s t i l l e d  wa te r )  was poured  i n t o  a Quick-  
Sep  c o l u m n  w i t h  a s i n t e r e d  g l a s s  d i s c  and  c e n t r i f u g e d  
( 1000  x g ,  5 m in ,  4 ° C) .  Two ml b u f f e r  A was p o u r e d  i n t o  
t h e  column and c e n t r i f u g e d  a g a i n  a s  abov e .  A p p r o x i m a t e l y
0.7 ml o f  E n o m o t o ' s  s a l t  e x t r a c t  was l o a d e d  o n t o  t h e
c o l u m n ,  and  t h e  c o l u m n  was c e n t r i f u g e d  a t  400 x g f o r  2
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min a t  4°C.  T h i s  a l l o w e d  t h e  s a m p l e  t o  e n t e r  i n t o  t h e  
Sephadex G-25 s l o w l y .  The column was t h e n  c e n t r i f u g e d  a t  
1000 x g f o r  5 min a t  4°C.  The s a m p l e  c o l l e c t e d  f r om  t h i s  
s t e p  was t e r m e d  t h e  " d e s a l t e d  n u c l e a r  s a l t  e . c t r a c t "  and 
c o u l d  be  a dd ed  t o  t h e  a s s a y  t u b e s  w i t h o u t  a d j u s t i n g  s a l t  
c o n c e n t r a t i o n s  i n  t h e  a s s a y  mixes .
DNA Po lymera se  r>L As say  
A m o d i f i c a t i o n  o f  t h e  p r o c e d u r e  o f  Enomoto  ^ t  a 1 . 
( 1983b)  was u s e d  t o  a s s a y  DNA p o l y m e r a s e  a c t i v i t y  i n  
n u c l e a r  e x t r a c t s  o r  c y t o s o l  f r a c t i o n s .  The r e a c t i o n  
m i x t u r e  c o n s i s t e d  o f  5 -10  >ul o f  a c t i v a t e d  DNA p r e p a r e d  by 
t h e  p r o c e d u r e  o f  B a r i l  e t  a_l. ( 1979 )  ( o b t a i n e d  f ro m Dr .  
E a r l  B a r i l ,  W or c e s t e r  F o u n d a t i o n ,  Sh rewsbu ry ,  MA), 10 j i l
o f  n u c l e o t i d e  m i x t u r e ,  20>u l  o f  Enomoto a s s a y  m i x t u r e ,  
and 5 - 1 0 > i l  o f  n u c l e a r  e x t r a c t  o r  c y t o s o l  p r e p a r a t i o n  i n  a 
f i n a l  volume o f  50 / U l .  The f i n a l  c o m p o s i t i o n  o f  t h e  a s s a y  
m ix t u r e  was a s  f o l l o w s :  50 mM T r i s  HC1 pH 7.5 a t  20°C,  2.5 
mM MgCl2 , 2 mM DTT, 200 mg/ml  o f  b o v i n e  s e r u m  a l b u m i n  
(BSA), 1 0 0 - 2 0 0  j j g / m l  a c t i v a t e d  DNA, lOOoiM e a c h  o f  dATP, 
dCTP and dGTP, and 2 0 juM dTTP. F o l l o w i n g  t h e  a d d i t i o n  o f  
0 .5  >uCi o f  [ ^H]-dTTP  t o  e a c h  a s s a y  t u b e ,  t h e  r e a c t i o n  
m i x t u r e  was i n c u b a t e d  a t  37°C f o r  30 min .  The r e a c t i o n  
was t e r m i n a t e d  by  c h i l l i n g  t h e  t u b e s  on i c e .  The e n t i r e  
5 0 y u l  o f  a s s a y  v o l u m e  was s p o t t e d  on a 3 / 4 "  s q u a r e  o f  
Whatman 3 M f i l t e r  p a p e r  h e l d  on a p i n  a t t a c h e d  t o  a 
s t y r o f o a m  s u p p o r t .  The f i l t e r  p a p e r  s q u a r e s  were p l a c e d  
i n  a be ak e r  c o n t a i n i n g  c o l d  t r i c h l o r o a c e t i c  a c i d  (TCA) (10
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ml f o r  e a c h  f i l t e r  p a p e r )  and  h e l d  10 min on i c e .  The 
c o n t e n t s  were s w i r l e d  a few t im e s  d u r i n g  t h i s  p e r i o d .  TCA 
was r em o ve d  by  a s p i r a t i o n  and  t h e  f i l t e r  p a p e r  s q u a r e s  
we r e  washed  t w i c e  w i t h  h a l f  v o l u m e  o f  TCA and t h e n  w i t h  
95% e t h a n o l .  F i l t e r s  were p u t  in  s c i n t i l l a t i o n  v i a l s  and 
d r i e d  unde r  a h e a t  lamp.  10 ml o f  s c i n t i l l a t i o n  c o c k t a i l  
was  a d d e d  t o  e a c h  v i a l  a n d  t h e  v i a l s  w e r e  c o u n t e d .  
£.E£P.a.C-a t i oa  o f  HeLa S3 E x t r a c t s  C o n t a i n i n g  QDC A c t i v i t y
ODC a c t i v i t y  i s  l o w  i n  q u i e s c e n t ,  h i g h  d e n s i t y  HeLa 
S3 c e l l  s u s p e n s i o n  c u l t u r e s  ( 5 - 6  x 1 0 ^  c e l l s / m l ) .  
F o l l o w i n g  d i l u t i o n  o f  t h e  c u l t u r e s  w i t h  f r e s h  medium con ­
t a i n i n g  10% h o r s e  se rum,  t h e  enzyme a c t i v i t y  i n c r e a s e s  and 
r e a c h e s  a peak v a l u e  w i t h i n  3-4 h. For  t h e  p r e p a r a t i o n  o f  
e x t r a c t s  c o n t a i n i n g  ODC, t h e  c e l l s  were c e n t r i f u g e d  (500 x 
g ,  25°C ,  10 min) and  wa she d  o n c e  w i t h  a h a l f  v o l u m e  o f  
c o l d  s a l i n e  and  c e n t r i f u g e d  a g a i n  (100 x g ,  4 °C,  5 m in ) .  
The c e l l  p e l l e t  was r e s us pe n de d  i n  T r i s  Assay  B u f f e r  (TAB) 
c o n s i s t i n g  o f  50 mM T r i s - H C l ,  pH 7.2 a t  37°C, 0.1 mM EDTA, 
5 mM DTT and  0 .05  mM p y r i d o x a l - 5 ' - p h o s p h a t e  (PLP) .  The 
c e l l  s u s p e n s i o n  was f r o z e n  and t h aw ed  f o r  5 c y c l e s  i n  
e t h a n o l / d r y  i c e  and warm w a t e r .  Th i s  t r e a t m e n t  r u p t u r e d  
t h e  c e l l  membrane  r e l e a s i n g  t h e  s o l u b l e  f r a c t i o n  o f  t h e  
c e l l s  c o n t a i n i n g  t h e  ODC a c t i v i t y .  T h i s  s u s p e n s i o n  was 
c e n t r i f u g e d  (1700  x g ,  15 min ,  4 °C) .  The s u p e r n a t a n t s  
we re  d e c a n t e d  i n t o  10 mm x 75 mm p o l y p r o p y l e n e  f r e e z e r  
t u b e s  and s t o r e d  a t  -70°C.
Assay o f  HeLa c e l l  ODC was p e r fo rm ed  a c c o r d i n g  t o  t h e
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p r o c e d u r e  g i v e n  un d e r  S e c t i o n  I .
A n a l y s i s  P a l y a mines  
F o r  a n a l y s i s  o f  i n t r a c e l l u l a r  p o l y a m i n e s ,  a c e l l  
s u s p e n s i o n  (12.5 x 10® c e l l s )  was c e n t r i f u g e d  (1000 x g ,  5 
m in ,  4°C) and  r e s u s p e n d e d  i n  a 0.5 v o l u m e  o f  c o l d  s a l i n e .  
The s u s p e n s i o n  was c e n t r i f u g e d  a s  a b o v e ,  r e s u sp e n d e d  i n  10 
ml c o l d  s a l i n e  and c e n t r i f u g e d  a g a i n .  The c e l l  p e l l e t  was 
r e s u s p e n d e d  i n  0 .5  ml  o f  c o l d  0.2 N p e r c h l o r i c  a c i d  (PCA) 
and a l l o w e d  t o  p r e c i p i t a t e  a t  4°C o v e r n i g h t .  The s a m p l e s  
we re  c e n t r i f u g e d  ( 1 0 0 0  x g ,  5 m in ,  4°C) and  t h e  s u p e r ­
n a t a n t  was d e c a n t e d  and f r o z e n .
The a n a l y s i s  o f  p o l y a m i n e s  was p e r f o r m e d  by  t h e  
m o d i f i c a t i o n  o f  t h e  S e i l e r  a n d  W e i c h m a n n  ( 1 9 6 7 )  
f l u o r e s c e n c e - s c a n n i n g  me thod  f o r  d a n s y l  d e r i v a t i v e s  o f  
p o l y a m i n e s  on TLC p l a t e s  ( H e r b s t  and  D i o n ,  1970)  a s  
d e s c r i b e d  i n  C h a p t e r  I I .
SQ-UEge Chemica ls  
See MATERIALS AND METHODS, S e c t i o n  1,  page  34.
VII. RESULTS
f l a a t a a t g r  i s t i.c.s a l  s  Phase  i n  Sy n c h r o n i ze d  HeLa C e l l s
The d o u b l e  t h y m i d i n e  b l o c k  p r o c e d u r e  a d a p t e d  f rom t h e  
m e t h o d s  d e v e l o p e d  by  M u e l l e r  and  K a j i w a r a  (1969 )  and 
d e s c r i b e d  i n  MATERIALS AND METHODS was employed t o  o b t a i n  
a l a r g e  p o p u l a t i o n  o f  c e l l s  s y n c h r o n i z e d  f o r  S ph a se  DNA 
s y n t h e s i s .  The s c h e d u l e  f o r  s y n c h r o n i z a t i o n  i s  shown in  
T a b l e  15.  The e f f e c t i v e n e s s  o f  t h e  d o u b l e  t h y m i d i n e  b l o c k  
p r o c e d u r e  i s  d e m o n s t r a t e d  in  F i g u r e  4. S y n c h r on i z e d  c e l l s  
e x h i b i t e d  a p e ak  o f  DNA s y n t h e s i s  6 h a f t e r  r e l e a s e  f rom 
t h e  s e c o n d  t h y m i d i n e  b l o c k  ( z e r o  h r e f e r s  t o  72 h i n  t h e  
s y n c h r o n i z a t i o n  p r o t o c o l ) .  The m i t o t i c  p h a se  i s  a l s o  v e r y  
c h a r a c t e r i s t i c  o f  s y n c h r o n i z e d  HeLa c e l l s  ( M u e l l e r  and 
K a j i w a r a ,  1969;  Krokan and E r i k s e n ,  1977) .  The d e g r e e  of  
synch rony  was good as  e v i d e n c e d  by t h e  c o m p l e t i o n  o f  c e l l  
d i v i s i o n  w i t h i n  a 6 h p e r i o d .
Eff.es.  t. a f  DFMQ an  DNA S y n t h e s  i s , Po 1 y ami n e s a nd C e l l  
Di y i s i o r i  i a  HeLa C e l l s
C o n t r o l  c e l l s  and  c e l l s  g rown  i n  medium c o n t a i n i n g  
DFMO w e re  s y n c h r o n i z e d  u s i n g  t h e  d o u b l e  t h y m i d i n e  b l o c k  
p r o c e d u r e .  As shown in  F i g u r e  5,  c e l l s  c u l t u r e d  in  medium 
c o n t a i n i n g  1 mM DFMO w e re  s e v e r e l y  d e f i c i e n t  i n  DNA 
s y n t h e s i s  a s  c o m p a r e d  t o  s y n c h r o n i z e d  c o n t r o l  c e l l s  and 
p r o l i f e r a t i o n  was b l o c k e d .  These  c e l l s  d i d  n o t  show any 
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C u l t u r e  Medium 0 h 32 h 48 h 56 h 72 h 72-84 h




BME U t i l i z a t i o n  
o f  n u c l e i  o r  
whole c e l l s  
f o r  a s s a y  o f  
S phase  DNA
DFMOc DME + ImM ImM BME + ImM ImM BME + ImM s y n t h e s i s  o r
DFMO TdR DFMO TdR DFMO polyamine
a n a l y s i s
DFMO/ BME + ImM ImM BME + ImM ImM BME + ImM
p o ly am in es d DFMO TdR DFMO TdR DFMO + 
Polyamine
Basa l  Modi f i ed  E a g l e ' s  Medium 
Thymidine
o ^ - D i f l u o r o m e t h y l o r n i t h i n e  was i n  t h e  c u l t u r e  medium d u r i n g  t h e  e n t i r e  
i n c u b a t i o n  p e r i o d  
^ A p p r o p r i a t e  c o n c e n t r a t i o n ( s )  o f  p o l yam in e ( s )  added t o  medium 
a t  72 h
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FIGURE 4
TIME COURSE OF S PHASE DNA SYNTHESIS AND PROLIFERATION BY 
SYNCHRONIZED HELA CELLS
C o n t r o l  c e l l s  w e r e  s y n c h r o n i z e d  b y  t h e  d o u b l e  
t h y m i d i n e  b l o c k  p r o c e d u r e  a s  shown i n  TABLE 2.  C e l l s  
w e r e  i s o l a t e d  a t  i n d i c a t e d  t i m e s  and  a s s a y e d  f o r  t h e  
i n c o r p o r a t i o n  o f  3H-TdR i n t o  DNA a s  d e s c r i b e d  i n  MATERIALS 
AND METHODS. A Royco c e l l  c o u n t e r  was u s e d  t o  d e t e r m i n e  
c e l l  numbers .
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EFFECT OF INCUBATION OF HELA CELLS WITH DFMO ON S PHASE 
DNA SYNTHESIS AND CELL PROLIFERATION IN HELA CELLS
C e l l s  were  s y n c h o r n i z e d  and d e p l e t e d  o f  p o l y a m i n e s  a s  
shown in  TABLE 2 and i s o l a t e d  a t  i n d i c a t e d  t i m e s .  Assays  
w e r e  p e r f o r m e d  f o r  i n c o r p o r a t i o n  o f  3 H-TdR i n t o  DNA a s  
d e s c r i b e d  i n  MATERIALS AND METHODS. A Royco c e l l  c o u n t e r  
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The i n t r a c e l l u l a r  p o l y a m i n e  c o n c e n t r a t i o n s  i n  c o n t r o l  
c e l l s  r e m a i n e d  u n c h a n g e d  f o r  6 h ( T a b l e  15 ) .  A f t e r  t h i s  
p e r i o d  t h e  c o n c e n t r a t i o n  o f  s p e r m i n e  and  s p e r m i d i n e  
d e c r e a s e d  s l i g h t l y .  C e l l s  t r e a t e d  w i t h  DFMC f o r  72 h 
c o n t a i n e d  no p u t r e s c i n e  and t r a c e  amounts  o f  s p e r m i d i n e ,  
whe rea s  t h e  spe rmine  c o n c e n t r a t i o n s  were r educed  by 50 t o  
70%.
At t emp ted  R e v e r s a l  of. DFMO-Induced Blo c k  i n  P r o l i f e r a t i o n  
E f f e c t  o f  Po ly ami ne ( s )
A t t e m p t s  were  made t o  r e v e r s e  t h e  e f f e c t s  o f  DFMO on 
s y n c h r o n i z e d  HeLa c e l l s  by e x o g e n o u s  a d d i t i o n  o f  p o l y -  
a m i n e ( s )  t o  p o l y a m i n e - d e f i c i e n t  c e l l s  a t  72 h.  As shown 
i n  T a b l e s  17 and  18 ,  t h e  a d d i t i o n  o f  20>uM s p e r m i d i n e  a t  
72 h t o  c u l t u r e s  c o n t a i n i n g  DFMO r a i s e d  t h e  i n t r a c e l l u l a r  
p o l y a m i n e s  i n  c e l l s  w i t h i n  6 h a f t e r  i n i t i a t i o n  o f  S ph a se  
and  a l s o  i m p r o v e d  p r o l i f e r a t i o n .  The s p e r m i d i n e  c o n ­
c e n t r a t i o n  in  t h e s e  c e l l s  was 60% h i g h e r  t h a n  t h e  c o n t r o l  
c e l l s .  The c o n c e n t r a t i o n  o f  s p e r m i n e ,  h o w e v e r ,  was t h e  
same a s  i n  c o n t r o l  c e l l s .  P u t r e s c i n e  was n o t  d e t e c t a b l e .  
A d d i t i o n  o f  20 xiM s p e r m i n e ,  on t h e  o t h e r  h a n d ,  d i d  n o t  
improve  p r o l i f e r a t i o n ,  a l t h o u g h  t h e  i n t r a c e l l u l a r  spe rmine  
c o n c e n t r a t i o n  d o u b l e d ,  w h i l e  s p e r m i d i n e  and  p u t r e s c i n e  
c o n c e n t r a t i o n s  w e r e  u n c h a n g e d .  The a d d i t i o n  o f  20 >uM 
p u t r e s c i n e  i n c r e a s e d  t h e  i n t r a c e l l u l a r  p u t r e s c i n e  c o n c e n ­
t r a t i o n  t o  5 - f o l d  t h a t  o f  c o n t r o l  c e l l s  and  i n c r e a s e d  
s p e r m i n e  and s p e r m i d i n e  t o  50 and 60% o f  c o n t r o l  c e l l s ,  
r e s p e c t i v e l y .  T h e s e  c h a n g e s  ha d  no  e f f e c t  on c e l l
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TABLE 16
COMPARISON OF INTRACELLULAR POLYAMINE CONCENTRATIONS IN  
CONTROL CELLS AND CELLS GROWN IN THE PRESENCE OF DFMO
The HeLa c e l l  c u l t u r e s ,  e i t h e r  c o n t r o l  o r  g rown  i n  
t h e  p r e s e n c e  o f  ImM DFMO, were s y n c h r o n i z e d  by t h e  d o u b l e  
t h y m i d i n e  b l o c k  p r o c e d u r e .  C e l l s  w e r e  i s o l a t e d  a t  
i n d i c a t e d  t i m e  p e r i o d s  and  a n a l y s e d  f o r  p o l y a m i n e s  a s  
d e s c r i b e d  i n  MATERIALS AND METHODS. (ND = n o t  
d e t e c t a b l e ) .
n m o l / l O ^ c e l l s
0 h 3 h 6 h 9 h 12 h
Ccmtxol
Spermine 2.61 2.30 2.05 1.79 2.02
Spe rmid ine 2.76 2.48 2.08 1.51 1.70
P u t r e s c i n e 1.39 1.10 1.17 1.18 0.95
DFMO
Spermine 0.97 1.50 0.78 0.85 0.80
Spe rmid ine 0.18 0.24 0.15 0.11 0.10
P u t r e s c i n e ND 0.08 0.09 ND ND
TABLE 17
EFFECT OF ADDITION OF POLYAMINES ON THE PROLIFERATION OF HELA CELLS GROWN IN THE 
PRESENCE OF DFMO
The HeLa c e l l  c u l t u r e s ,  e i t h e r  c o n t r o l  o r  grown in  t h e  p r e s e n c e  o f  1 mM DFMO, 
were s y n c h r o n i z e d  by t h e  d o u b l e  t h ym id in e  b l o c k  p r o c e d u r e .  At 72 h,  t h e  i n d i c a t e d  
amounts  o f  p o l y am in es  were added t o  DFMO c o n t a i n i n g  c u l t u r e s .  A Royco c o u n t e r  was
used t o  d e t e r m i n e  t h e  c e l l  numbers a t  t h e  i n d i c a t e d  t i m e s .
P r o l i f e r a t i o n
C e l l  t y pe 0 h 12 h 15 h 20 h 24 h 27 h 30 ;
C o n t r o l 1 .0 1.17 1.26 1.55 1 .69 1.77 2.06
DFMO 1 .0 1.19 1.15 1.25 1.32 1.40 1.38
DFMO/S(20 pM) 1 .0 1 .14 1 .1 1 1.18 1.16 1.29 1.48
DFMO/SD(20 pM) 1 .0 1 .10 1.15 1.38 1 .55 1.58 1 .66
DFMO/P(20 pM) 1 .0 1.04 1 .02 1.05 1 .1 1 1 .21 1.34
DFMO/S(10 pM)/SD(20pM)/  
P(50pM)
1 .0 1 .04 1.09 1 .2 1 1.32 1.43 1.67
DFMO/S( lOpM)/SD(20pM)/  
P(25pM)
1 .0 1 .10 1 .1 1 1.28 1.40 1.50 1 .66
DFMO/S(10pM)/SD(50pM)/  
P (25 pM)
1 .0 1 .1 3 1 . 1 5 1.30 1.27 1.13 1.39
TABLE 18
EFFECT OF ADDITION OF POLYAMINES ON THE INTRACELLULAR POLYAMINE 
CONCENTRATION OF HELA CELLS GROWN IN THE PRESENCE OF DFMO
The HeLa c e l l  c u l t u r e s ,  e i t h e r  c o n t r o l  o r  grown in  t h e  p r e s e n c e  o f  
1 mM DFMO, were sy n c h r o n i z e d  by t h e  d o u b l e  t h ym id in e  b l o c k  p r o c e d u r e .  
At  72 h ,  t h e  i n d i c a t e d  am o u n t s  o f  p o l y a m i n e s  we r e  a dd ed  t o  DFMO- 
c o n t a i n i n g  c u l t u r e s .  C e l l s  were i s o l a t e d  a t  6 h a f t e r  t h e  i n i t i a t i o n  
o f  S p h a s e  and a n a l y s e d  f o r  p o l y a m i n e s  a s  d e s c r i b e d  i n  MATERIALS AND 
METHODS. (ND = n o t  d e t e c t a b l e ) .
Spermine Spermic
(nmol/10
l i ne  P u t r e s c i n e  
’c e l l s )
C o n t r o l 3 .37 2 .98 1.93
DFMO 1.56 0 .09 ND
DFMO/S(20 juM) 6 .1 1 0.09 ND
DFMO/SD (20 JUM) 3.07 5 .05 ND
DFMO/P/ (20 JUM) 1.84 1.87 11.34
DFMO/S/(10 JiM)/ 5 .36 1 .8 8 ND
SD(20 pM)/P(50 juM)
DFMO/S(10 uM)/ 4 .31 1.27 ND
SD(20 uM)/P(25 uM)
DFMO/S(10 pM)/
SD(50 j iM)/P(25 JIM)
3.83 2 .53 ND
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p r o l i f e r a t i o n .  In  a n o t h e r  e x p e r i m e n t ,  m i x t u r e s  o f  10 j j M 
s p e r m i n e ,  20juM s p e r m i d i n e  and  25 t o  50juM p u t r e s c i n e  we re  
added t o  p o l y a m i n e  d e f i c i e n t  c e l l s  a t  72 h ( T a b l e s  17 and 
18) .  Whi l e  t h e  i n t r a c e l l u l a r  sp e r m in e  c o n c e n t r a t i o n s  were 
s l i g h t l y  i n c r e a s e d ,  t h e  s p e r m i d i n e  c o n c e n t r a t i o n s  we re  
o n l y  50 t o  60% o f  c o n t r o l  c e l l s .  P u t r e s c i n e  was n o t  
d e t e c t a b l e  i n  t h e s e  c e l l s .  P r o l i f e r a t i o n  was c o m p a r ab l e  t o  
c u l t u r e s  t o  which 20 j j M s p e r m i d i n e  was added.  From t h e s e  
r e s u l t s  i t  a p p e a r s  t h a t  t h e  i n t r a c e l l u l a r  s p e r m i d i n e  con ­
c e n t r a t i o n  i s  c r i t i c a l  i n  t h e  m a i n t en a n ce  o f  normal  c e l l  
p r o l i f e r a t i o n .
Effect of. Mg.2± and ions
The s u s p e n s i o n  c u l t u r e  medium used  i n  t h e s e  s t u d i e s  
d i d  n o t  c o n t a i n  Ca ^ + and  Mg^ + i o n s  i n  o r d e r  t o  e l i m i n a t e  
p r o b l e m s  o f  a d h e s i o n  o f  c e l l s  t o  one  a n o t h e r  and t o  t h e  
c u l t u r e  v e s s e l .  These  c a t i o n s  a r e  known t o  be r e q u i r e d  i n  
many i m p o r t a n t  m e t a b o l i c  r e a c t i o n s  i n  t h e  c e l l s .  I t  was 
a n t i c i p a t e d  t h a t  p o l y a m i n e  d e f i c i e n t  c e l l s  m i g h t  l a c k
9 +  9-4-s u f f i c i e n t  Ca^ and  Mgz i o n s  t o  s u p p o r t  a v a r i e t y  o f  
m e t a b o l i c  p r o c e s s e s .  To t e s t  t h i s  h y p o t h e s i s ,  1 .8  mM 
C a C l 2 and  0.8 mM MgSO^^J^O wer e  a d de d  t o  c o n t r o l  and 
p o l y a m i n e - d e f i c i e n t  c e l l s  a t  72 h i n  t h e  p r e s e n c e  o r  
a b s e n c e  o f  20juM s p e r m i d i n e .  T h e s e  c o n c e n t r a t i o n s  w e re  
c h osen  b e c a u s e  t h e  B a s a l  E a g l e ' s  medium (GIBCO) f o r  mono­
l a y e r  c u l t u r e s  p r o v i d e s  c o m p a r a b l e  Ca^+ and  Mg^+ . As 
shown i n  T a b l e  19 ,  t h e  a d d i t i o n  o f  Ca ^ + and  Mg^+ i n h i b i t e d  
p r o l i f e r a t i o n  o f  t h e  c e l l s  w h i c h  was o n l y  p a r t i a l l y
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TABLE 19
EFFECT OF Ca2+ AND Mg2+ ON THE PROLIFERATION OF POLYAMINE- 
DEFICIENT HELA CELLS
The HeLa c e l l  c u l t u r e s ,  e i t h e r  c o n t r o l  o r  g rown  i n  
t h e  p r e s e n c e  o f  1 mM DFMO, were s y n c h r o n i z e d  by t h e  d o u b l e  
t h y m i d i n e  b l o c k  p r o c e d u r e .  At  72 h ,  C a C l 2 ( 1 .8  mM) and  
MgSOj.7H20 (0 .8  mM) w e r e  a d d e d  i n  t h e  p r e s e n c e  o r  a b s e n c e  
o f  20 aiM s p e r m i d i n e  (SD) t o  t h e  c u l t u r e s  c o n t a i n i n g  DFMO. 
A Royco c e l l  c o u n t e r  was used  t o  d e t e r m i n e  c e l l  numbers  a t  
i n d i c a t e d  t im e  p o i n t s .
P r o l i f e r a t ion
C e l l  t y p e 0 h 13 h 24 h
C o n t r o l 1 .0 1.37 1 .80
C o n t r o l / C a 2+/Mg2+ 1 .0 1.08 1.16
DFMO 1 .0 0.93 1.13
DFMO/SD 1 .0 1.05 1 .46
DFMO/Ca /Mg ' 
DFMO/SD/Ca2VMg2+
1 .0 0.85 0 .55
1 .0 0 .93 0 .84
Ill
r e v e r s e d  by t h e  a d d i t i o n  o f  20 >uM s p e r m i d i n e .
Ef f e c t  oJL I n s u l i n .  D i b u t y r y l  cAMP. and C o n d i t i o n e d  Medium 
Serum (Brooks ,  1977) ,  i n s u l i n  (Asua g i  &1. i.981) and 
a number o f  g rowth  f a c t o r s  such  as  e p i d e r m a l  g ro wth  f a c t o r  
(EGF) ( C a r p e n t e r  and  C oh e n ,  1 9 7 9 ) ,  f i b r o b l a s t  g r o w t h  
f a c t o r  ( R u d l a n d  g_t a l . f 1974)  and  i n s u l i n - l i k e  g r o w t h  
f a c t o r  (IGF) (Campisi  and P a r d e e ,  1984) hav e  been  shown t o  
s t i m u l a t e  t h e  i n i t i a t i o n  o f  DNA s y n t h e s i s  i n  c u l t u r e s  o f  
q u i e s c e n t  S w i s s  mouse  3T3 c e l l s .  c A M P - m e d i a t e d  p r o t e i n  
p h o s p h o r y l a t i o n  i s  b e l i e v e d  t o  be  a p o s s i b l e  mechanism by 
which some o f  t h e s e  g rowth  f a c t o r s  f u n c t i o n  (Rubin g£  a l . .  
1 9 8 3 ) .  I t  i s  q u i t e  p o s s i b l e  t h a t  p o l y a m i n e - d e f i c i e n t  
c e l l s  may b e  l a c k i n g  i n  some  g r o w t h  f a c t o r ( s )  o r  
h o r m o n e ( s )  s u c h  a s  i n s u l i n .  I n  o r d e r  t o  t e s t  t h i s  
p o s s i b i l i t y ,  1 yug/ml  i n s u l i n  o r  1 mM cAMP we re  a d d e d  t o  
p o l y a m i n e - d e p l e t e d  c e l l s  a t  t h e  b e g i n n i n g  o f  S p h a s e  i n  
t h e  p r e s e n c e  o r  a b se n c e  o f  20 u^M s p e r m i d i n e .  The a d d i t i o n  
o f  i n s u l i n  had no e f f e c t  on t h e  p r o l i f e r a t i o n  o f  t h e s e  
c e l l s  ( T a b l e  20 ) .  cAMP, on t h e  o t h e r  h a n d ,  a p p e a r e d  t o  
i n t e r f e r e  w i t h  t h e  r e v e r s a l  by s p e r m i d i n e  o f  t h e  po ly am in e  
d e f i c i e n c y  i nduced  by DFMO. To t e s t  t h e  p o s s i b i l i t y  t h a t  
t h e  c o n t r o l  c e l l s  may r e l e a s e  g r o w t h  f a c t o r s  t o  t h e  
c u l t u r e  medium w h i c h  a r e  r e q u i r e d  f o r  c e l l  d i v i s i o n ,  
medium from c o n t r o l  c e l l s  ( a t  6 h i n t o  S phase )  was added 
t o  t h e  c u l t u r e s  c o n t a i n i n g  DFMO ( a t  5 h i n t o  S p h a s e ) .  
The r e s u l t s  p r e s e n t e d  i n  T a b l e  20 i n d i c a t e  t h a t  t h e  
c o n d i t i o n e d  medium had no e f f e c t  on t h e  p r o l i f e r a t i o n  o f
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TABLE 20
EFFECT OF ADDITION OF CONDITIONED MEDIUM, INSULIN, AND 
DIBUTYRYL cAMP ON THE PROLIFERATION OF POLYAMINE-DEFICIENT 
HELA CELLS
The HeLa c e l l  c u l t u r e s ,  e i t h e r  c o n t r o l  o r  g rown i n  
t h e  p r e s e n c e  o f  1 mM DFMO, were  s y n c h r o n i z e d  by t h e  d o u b l e  
t h y m i d i n e  b l o c k  p r o c e d u r e .  At 72 h,  i n s u l i n  (1 o ig/ml )  o r  
d i b u t y r y l  cAMP (1 mM) we re  a d d e d  i n  t h e  p r e s e n c e  o r  
a b s e n c e  o f  2 0 juM s p e r m i d i n e  (SD) t o  p o l y a m i n e  d e f i c i e n t  
c u l t u r e s .  At  5 h a f t e r  r e m o v a l  o f  t h e  2nd t h y m i d i n e  
b l o c k ,  c o n d i t i o n e d  medium from c o n t r o l  c e l l s  (6 h i n t o  DNA 
phase)  was added t o  p o l y a m i n e  d e f i c i e n t  c e l l s  grown in  t h e  
p r e s e n c e  o r  a b s e n c e  o f  20 ^uM s p e r m i d i n e .  I n  t h i s  e x p e r i ­
m e n t ,  DFMO was n o t  r e p l e n i s h e d  a f t e r  72 h.  A Royco c e l l  
c o u n t e r  was used  t o  d e t e r m i n e  c e l l  numbers .
P r o l i f e r a t i o n
C e l l  t yp e O h  11 h 25 h 27 h
C o n t r o l  
DFMO 
DFMO/SD
DFMO/condi t ioned medium 
DFMO/condi t ioned medium/SD 
DFMO/insul in  
DFMO/insul in/SD 
DFMO/dibut ry l  cAMP 
DFMO/d ibu t ry r l  cAMP/SD
1 . 0  1 .26  1 .76  1 .81
1 . 0  0 .98  0 .92  0 .85
1 .0  1 .06  1 .55  1 .67
1 .0  1 .05  1 .27  1 .10
1 . 0  1 .00  1 .24  1 .63
1 .0  1 .14  1 .26  1 .26
1 .0  1 .12  1 .25  1 .70
1 .0  0 .98  1 .27  1 .32
1 .0  0 .96  1 .23  1 .27
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p o l y a m i n e - d e p l e t e d  c e l l s .
Attempted R e v e r s a l  qJL DFM O -effec ts  fey TEA
1 2 - 0 - T e t r a d e c a n o y l p h o r b o  1 - 1 3 - a c e t a t e  (TPA) a known 
p r o m o t e r  o f  c a r c i n o g e n e s i s ,  h a s  b e e n  shown t o  s t i m u l a t e  
ODC in  a n i m a l  c e l l  c u l t u r e s  a s  w e l l  a s  in  v a r i o u s  a n im a l  
t i s s u e s  (Byus and Weiner ,  1982; S ina  g_£ aJL. ,1983).  HeLa 
c e l l s  g rown i n  t h e  p r e s e n c e  o f  ImM DFMO had  n e g l i g i b l e  
amount  o f  ODC a c t i v i t y  as  compared t o  c o n t r o l  c e l l s  (T ab l e  
21) .  When TPA was added t o  p o l y a m i n e - d e p l e t e d  c u l t u r e s  a t  
t h e  b e g i n n i n g  o f  S pha se  i t  f a i l e d  t o  i n du ce  ODC a c t i v i t y  
( T a b l e  21 ) .
Rgy-g.rs.al qJL DEMQ-gffec t s fey Polyamines
W h i l e  t h e  c o n t r o l  c u l t u r e s  showed a p e a k  o f  ^H-TdR 
i n c o r p o r a t i o n  i n t o  DNA a t  6 h a f t e r  r e l e a s e  f ro m t h e  2nd 
t h y m i d i n e  b l o c k ,  t h e  c e l l s  g rown i n  t h e  p r e s e n c e  o f  1 mM 
DFMO were s e v e r e l y  i n h i b i t e d  in ^H-TdR i n c o r p o r a t i o n  and 
p r o l i f e r a t i o n  ( F i g u r e  6).  Ex pe r imen t s  were c o nd uc t ed  t o  
d e t e r m i n e  t h e  e f f e c t  o f  e i t h e r  a s i n g l e  p o l y a m i n e  o r  a 
m i x t u r e  o f  p o l y a m i n e s ,  a d de d  t o  p o l y a m i n e - d e f i c i e n t  
c u l t u r e s  a t  72 h ,  on t h e  t i m e  c o u r s e  o f  ^H-TdR 
i n c o r p o r a t i o n  and c e l l  p r o l i f e r a t i o n .  I n t r a c e l l u l a r  
p o l y a m i n e  c o n c e n t r a t i o n s  w e r e  a l s o  d e t e r m i n e d .  The 
a d d i t i o n  o f  20 uM s p e r m i d i n e  a t  72 h t o  t h e  c u l t u r e s  g rown 
i n  t h e  p r e s e n c e  o f  DFMO, i n c r e a s e d  ^H-TdR i n c o r p o r a t i o n  by 
t h e  c e l l s .  Though t h e s e  c e l l s  d i d  n o t  show s y n c h r o n y  i n  
^H-TdR i n c o r p o r a t i o n ,  t h e  t o t a l  a m o u n t  o f   ^H-TdR 
i n c o r p o r a t e d  d u r i n g  12 h o f  S phase  was ab o u t  t h e  same as
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TABLE 21
E FF E C T  OF TPA ON ODC A C T I V I T Y , P O L Y A M IN E S , AND 
PROLIFERATION OF HELA CELLS
The HeLa c e l l  c u l t u r e s ,  e i t h e r  c o n t r o l  o r  g rown i n  
t h e  p r e s e n c e  o f  lmM DFMO, were s y n c h r o n i z e d  b y  t h e  d o u b l e  
t h y m i d i n e  b l o c k  p r o c e d u r e .  At  72 h ,  1 x 1 0 “ ° M TPA was 
a d d e d  t o  a p o l y a m i n e - d e f i c i e n t  c u l t u r e .  C e l l s  we r e  
i s o l a t e d  a t  t h e  i n d i c a t e d  t i m e s  and a s s a y e d  f o r  ODC 
a c t i v i t y  and  p o l y a m i n e  c o n c e n t r a t i o n s .  F o r  ODC, e a c h  
p o i n t  i s  t h e  mean o f  d u p l i c a t e  a s s a y s .  In  t h i s  e x p e r i m e n t  
DFMO was n o t  r e p l e n i s h e d  a t  72 h.  A Royco c e l l  c o u n t e r  
was  u s e d  t o  d e t e r m i n e  t h e  c e l l  n u m b e r s .  (ND = n o t  
d e t e c t a b l e ) .
C e l l  t y p e 0 h
ODC a c t i v i t y  
3 h
( U n i t s / 1 0 6c e l  I s )  
6 h 9 h
C o n t r o l 0 .17 0 . 7 0 1.48 0 .53
DFMO 0.04 0 .04 0 .05 0.05
DFMO/TPA 0.03 0 .04 0 .05 0 .04
Po lyamines  (6 h) P r o l i f e r a t i o n
( n m o l / 1 0 6 c e l l s ) (24 h)
S SD P
C o n t r o l 2 .24 2 .1 1  1 .48 2 .0 5
DFMO 0.94 ND ND 1 .46
DFMO/TPA 1 . 0 0 0 .05  ND 1 .28
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FIGURE 6
EFFECT OF SPERMIDINE ON DNA SYNTHESIS AND PROLIFERATION OF 
POLYAMINE-DEFICIENT HELA CELLS
HeLa c e l l s  we re  s y n c h r o n i z e d  and d e p l e t e d  o f  p o l y -  
a m i n e s  a s  shown i n  T a b l e  2.  AT 72 h ,  20 juM s p e r m i d i n e  
(SD) was a d d e d  t o  c u l t u r e s  c o n t a i n i n g  DFMO. C e l l s  we re  
i s o l a t e d  a t  t h e  i n d i c a t e d  t im e s  and a s s a y e d  f o r  t h e  i n c o r ­
p o r a t i o n  o f  3H-TdR i n t o  DNA as  d e s c r i b e d  i n  MATERIALS AND 
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i n  c o n t r o l  c e l l s  w h i c h  showed a p e ak  o f  DNA s y n t h e s i s  a t  6 
h.  The c o n t r o l  c e l l s  showed a h i g h  d e g r e e  o f  s y n c h r o n y  
w h i l e  t h e  c e l l s  grown in  t h e  p r e s e n c e  o f  DFMO were u n a b l e  
t o  p r o l i f e r a t e .  The s p e r m i d i n e - s u p p l e m e n t e d  c e l l s  had a 
more  a s y n c h r o n o u s  d i v i s i o n  p r o c e s s ,  p r o b a b l y  du e  t o  t h e  
d e l a y e d  and a s y n c h r o n o u s  p a t t e r n  o f  DNA s y n t h e s i s .  How­
e v e r ,  t h e s e  c e l l s  d i d  p r o l i f e r a t e  d u r i n g  t h e  no rma l  c e l l  
c y c l e  o f  24 h. In  a n o t h e r  e x p e r i m e n t  20 oiM s p e r m i d i n e  was 
a d d e d  a t  62 h and a g a i n  a t  72 h t o  p o l y a m i n e - d e p l e t e d  
c e l l s  i n  o r d e r  t o  d e t e r m i n e  i f  e a r l i e r  a d d i t i o n  o f  
s p e r m i d i n e  would be  h e l p f u l  i n  p r om o t i ng  sy nc h ro n y  o f  DNA 
s y n t h e s i s .  The r e s u l t s  o f  t h i s  e x p e r i m e n t  a r e  shown i n  
F i g u r e  7 and T a b l e  22.  A l t h o u g h  t h e  s y n t h e s i s  o f  DNA was 
s y n c h r o n o u s ,  t h e  amount  o f  ^H-TdR i n c o r p o r a t i o n  was much 
l e s s  t h a n  i n  c o n t r o l  c e l l s .  I t  s h o u l d  be ment ioned  t h a t  
i n  t h i s  e x p e r i m e n t  t h e  p e a k  o f  ^H-TdR i n c o r p o r a t i o n  
o c c u r r e d  a t  3 h a f t e r  r e m o v a l  o f  t h e  t h y m i d i n e  b l o c k  i n  
c o n t r o l  a s  w e l l  a s  p o l y a m i n e - s u p p l e m e n t e d  c u l t u r e s .  The 
p r o l i f e r a t i o n  p a t t e r n  was a l s o  syn c h r on o us  i n  p o l y a m i n e -  
s u p p l e m e n t e d  c u l t u r e s .  I n  f a c t ,  t h e s e  c u l t u r e s  p r o ­
l i f e r a t e d  s l i g h t l y  b e t t e r  t h a n  c o n t r o l  c u l t u r e s .  
P o l y a m i n e - d e f i c i e n t  c u l t u r e s ,  a s  u s u a l ,  showed v e r y  l i t t l e  
-’H-TdR i n c o r p o r a t i o n  and r e l a t i v e l y  l i t t l e  p r o l i f e r a t i o n .  
As shown i n  T a b l e  22 ,  p o l y a m i n e  c o n c e n t r a t i o n s  i n  t h e  
c o n t r o l  c u l t u r e s  r emained  unchanged f o r  6 h and i n c r e a s e d  
o n l y  s l i g h t l y  a t  9 h. C u l t u r e s  grown w i t h  DFMO had l i t t l e  
o r  no p u t r e s c i n e  and s p e r m i d i n e  and a h i g h l y  r educed  ( c f .
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FIGURE 7
EFFECT OF ADDITION OF SPERMIDINE IN  G1 PHASE ON DNA 
SYNTHESIS AND PROLIFERATION OF POLYAMINE-DEFICIENT HELA 
CELLS
C e l l s  were s y n c h r o n i z e d  and d e p l e t e d  o f  p o l y a m i n e s  as  
shown i n  TABLE 2.  At  62 h and  a g a i n  a t  72 h ,  20 uiM 
s p e r m i d i n e  (SD) was added t o  t h e  c u l t u r e s  c o n t a i n i n g  DFMO. 
C e l l s  were i s o l a t e d  a t  t h e  i n d i c a t e d  t i m e s  and a s s a y e d  f o r  
t h e  i n c o r p o r a t i o n  o f  3 H-TdR i n t o  DNA a s  d e s c r i b e d  i n  
MATERIALS AND METHODS. A Royco c e l l  c o u n t e r  was u s e d  t o  
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TIME (h)
24
-  2.2  
-  2.0 
-  1 . 8  
-  1.6
- 1 . 4
-  1.2 
-  1 . 0
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TABLE 22
EFFECT OF EXOGENOUS SPERMIDINE ON DNA SYNTHESIS AND INTRA­
CELLULAR POLYAMINES OF POLYAMINE-DEFICIENT HELA CELLS
The HeLa c e l l  c u l t u r e s ,  e i t h e r  c o n t r o l  o r  g rown  in  
t h e  p r e s e n c e  o f  1 mM DFMO, were s y n c h r o n i z e d  by t h e  d o u b l e  
t h y m i d i n e  b l o c k  p r o c e d u r e .  At  62 h and  a g a i n  a t  72 h ,  20 
yuM s p e r m i d i n e  was a d d ed  t o  c u l t u r e s  c o n t a i n i n g  DFMO. 
C e l l s  were i s o l a t e d  a t  t h e  i n d i c a t e d  t i m e s  and a s s a y e d  f o r  
t h e  i n c o r p o r a t i o n  o f  3 H-TdR i n t o  DNA ( s e e  MATERIALS AND 
METHODS). Each  p o i n t  i s  t h e  mean o f  t r i p l i c a t e  a s s a y s .  
C e l l s  were a l s o  i s o l a t e d  a t  t h e s e  t i m e s  and a n a l y s e d  f o r  
p o l y a m i n e s .  (ND = n o t  d e t e c t a b l e ) .
0 h 3 h 6 h 9 h
C e n t r a l
3 H-TdR (pm o l / 10 6 c e l l s ) 3 .25 5.07 1 .42 0 .0 8
Spermine  (n mo l /10 6 c e l l s )  
Spe rmid ine  " " 














3 H-TdR (pmo l /10 6 c e l l s ) 0 .57 0 .59 0 .82 0 .60
Spermine  (nm o l / 10 6 c e l l s )  
Spe rmid ine  " " 














3 H-TdR (p mo l /10 6 c e l l s ) 1 .50 2 .4 5 1.56 0 .69
Spermine  (nm o l / 10 6 c e l l s )  
Spe rmid ine  " " 














c o n t r o l s )  c o n c e n t r a t i o n  o f  s p e r m i n e .  20  /UM s p e r m i d i n e  
a d d e d  a t  62 h and  72 h t o  p o l y a m i n e - d e f i c i e n t  c u l t u r e s  
r a i s e d  t h e  i n t r a c e l l u l a r  s p e r m i d i n e  c o n c e n t r a t i o n s  t o  
t h o s e  i n  t h e  c o n t r o l  c e l l s .  Spermine  c o n c e n t r a t i o n s  were 
n o t  i n c r e a s e d  and p u t r e s c i n e  d i d  n o t  a c c u m u l a t e  i n  t h e s e  
c e l l s .
F i g u r e  8 and  T a b l e  23 r e p r e s e n t  r e s u l t s  f r o m  an 
e x p e r i m e n t  i n  which 10 juM p u t r e s c i n e  and 20 >uM s p e r m i d i n e  
were added t o g e t h e r  t o  c u l t u r e s  a t  72 h. There  was o n l y  a 
s l i g h t  i m p r o v e m e n t  i n  ^H-TdR i n c o r p o r a t i o n  i n  c u l t u r e s  
s u p p l e m e n t e d  w i t h  a m i x t u r e  o f  p o 1 y a m i n e s .  L i k e w i s e ,  
t h e r e  was a s l i g h t  improvement  i n  p r o l i f e r a t i o n  o f  c e l l s  
i n  t h e s e  c u l t u r e s  b u t  i t  was l e s s  t h an  t h e  p r o l i f e r a t i o n  
o f  c e l l s  i n  c o n t r o l  c u l t u r e s .  As shown i n  T a b l e  23 ,  
i n t r a c e l l u l a r  spe rm ine  and s p e r m i d i n e  c o n c e n t r a t i o n s  r o s e  
t o  t h a t  o f  c o n t r o l  c e l l s  o r  were even  h i g h e r  i n  p o l y a m i n e -  
s u p p l e m e n t e d  c e l l s  b u t  p u t r e s c i n e  c o u l d  n o t  be d e t e c t e d .
I n  a n o t h e r  s t u d y ,  lOoiM s p e r m i n e ,  IOjuM s p e r m i d i n e  
and 25 jjM p u t r e s c i n e  were added a t  72 h t o  c u l t u r e s  grown 
i n  t h e  p r e s e n c e  o f  DFMO. R e s u l t s  a r e  shown i n  F i g u r e  9 
and T a b l e  24. Whi l e  t h e  c o n t r o l  c u l t u r e s  showed a peak o f  
- 'H-TdR i n c o r p o r a t i o n  a t  6 h ,  t h e  p o l y a m i n e - s u p p l e m e n t e d  
c u l t u r e s  showed a b r o a d  peak  b e t w e e n  3 t o  6 h b u t  t h e  
t o t a l  i n c o r p o r a t i o n  o f  ^H-TdR was l e s s  t h a n  i n  c o n t r o l  
c e l l s .  S i m i l a r l y ,  t h e r e  was o n l y  p a r t i a l  r e c o v e r y  f rom 
t h e  p r o l i f e r a t i o n  b l o c k  i nduced  by DFMO in  t h e s e  c u l t u r e s .  
As shown i n  T a b l e  24 ,  w h e r e a s  s p e r m i n e  c o n c e n t r a t i o n s
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FIGURE 8
EFFECT OF SPERMIDINE AND PUTRESCINE ON DNA SYNTHESIS AND 
PRO-LIFERATION OF POLYAMINE-DEFICIENT HELA CELLS
C e l l s  were s y n c h r o n i z e d  and d e p l e t e d  o f  p o l y a m i n e s  as  
shown i n  T a b l e  2.  At  72 h ,  20aiM s p e r m i d i n e  (SD) p l u s  10 
aiM p u t r e s c i n e  (P) were added t o  c u l t u r e s  c o n t a i n i n g  DFMO. 
C e l l s  were i s o l a t e d  a t  t h e  i n d i c a t e d  t im e s  and a s s a y e d  f o r  
t h e  i n c o r p o r a t i o n  o f  3 H-TdR i n t o  DNA a s  d e s c r i b e d  i n  
MATERIALS AND METHODS. A Royco c e l l  c o u n t e r  was u s e d  t o  
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EFFECT OF SPERMIDINE AND PUTRESCINE ON DNA SYNTHESIS AND
INTRACELLULAR POLYAMINES OF POLYAMINE-DEFICIENT HELA CELLS
The HeLa c e l l  c u l t u r e s ,  e i t h e r  c o n t r o l  o r  g rown  in  
t h e  p r e s e n c e  o f  1 mM DFMO, were s y n c h r o n i z e d  by t h e  d o u b l e  
t h y m i d i n e  b l o c k  p r o c e d u r e .  At 72 h,  2 0 juM s p e r m i d i n e  (SD) 
and  IOjuM p u t r e s c i n e  (P) w e re  a dd ed  t o  t h e  c u l t u r e s  c o n ­
t a i n i n g  DFMO. C e l l s  were i s o l a t e d  a t  t h e  i n d i c a t e d  t im e s  
and a s s a y e d  f o r  t h e  i n c o r p o r a t i o n  o f  3 H-TdR i n t o  DNA (see  
MATERIALS AND METHODS). E a c h  p o i n t  i s  t h e  mean o f  
t r i p l i c a t e  a s s a y s .  C e l l s  we re  a l s o  i s o l a t e d  a t  t h e s e  
t i m e s  and a n a l y s e d  f o r  p o l y a m i n e s .  (NA = n o t  a s s a y e d ;  ND 
= n o t  d e t e c t a b l e ) .
0 h 3 h 6 h 9 h 12 h
^H-TdR (pmo l /10 6 c e l l s ) 3 .87 9 .61 13 .72 2 .08 0 .72
Spermine  (nmol/10® c e l l s ) 2 . 1 2 2 .48 NA 2 .90 2 .44
Spe rmid ine  " " 2 .18 2.56 NA 2.27 1.74
P u t r e s c i n e  " " 1 .07 1.13 NA 1.37 0 .69
DFMO
H-TdR (pmo l /10 6 c e l l s ) 1 . 1 0 1.59 1.17 0 .89 0.93
Spermine  (nmo l /10 6 c e l l s ) 0 .92 0 .89 1 .55 0.97 1 .05
Sp e rm id ine  " " ND ND 0 . 2 2 0 . 0 2 0 . 0 2
P u t r e s c i n e  " " ND ND ND ND ND
DFMO/SD/P
•^H-TdR (pmo l /10 6 c e l l s ) 2 .07 1 .81 2 .63 1 .60 1 .74
Spermine  (nmo l /106 c e l l s ) 1 .44 1.93 2 .5 1 3 .09 2 . 6 6
Spe rmid ine  " " 1 .37 3 .78 3.12 2 .55 1.81
P u t r e s c i n e  " " ND ND ND ND ND
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FIGURE 9
EFFECT OF A MIXTURE OF POLYAMINES ON DNA SYNTHESIS AND 
PRO-LIFERATION OF POLYAMINE-DEFICIENT HELA CELLS
C e l l s  we re  s y n c h r o n i z e d  and  d e p l e t e d  o f  p o l y a m i n e s  a s  
sho w n  i n  T a b l e  2 .  A t  72 h f 10 -uM s p e r m i n e ,  10 >uM 
s p e r m i d i n e  (SD) and  25 >uM p u t r e s c i n e  (P) w e re  a d d e d  t o  
c u l t u r e s  c o n t a i n i n g  DFMO. C e l l s  w e re  i s o l a t e d  a t  t h e  
i n d i c a t e d  t i m e s  and  a s s a y e d  f o r  t h e  i n c o r p o r a t i o n  o f  3 H- 
TdR i n t o  DNA a s  d e s c r i b e d  i n  MATERIALS AND METHODS. A 
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EFFECT OF A MIXTURE OF POLYAMINES ON DNA SYNTHESIS AND
INTRACELLULAR POLYAMINES OF POLYAMINE-DEFICIENT HELA CELLS
The HeLa c e l l  c u l t u r e s ,  e i t h e r  c o n t r o l  o r  g rown in  
t h e  p r e s e n c e  o f  1 mM DFMO, were s y n c h r o n i z e d  by t h e  d o u b l e  
t h y m i d i n e  b l o c k  p r o c e d u r e .  At  72 h ,  10 -uM s p e r m i n e  (S ) ,  
10 >uH s p e r m i d i n e  (SD) and 25 >uM p u t r e s c i n e  (P) were added 
t o  a c u l t u r e  c o n t a i n i n g  DFMO. C e l l s  were i s o l a t e d  a t  t h e  
i n d i c a t e d  t i m e s  and  a s s a y e d  f o r  t h e  i n c o r p o r a t i o n  o f  3 H- 
TdR i n t o  DNA ( s e e  MATERIALS AND METHODS). Each  p o i n t  i s  
t h e  mean o f  t r i p l i c a t e  a s s a y s .  C e l l s  were a l s o  i s o l a t e d  
a t  t h e s e  t i m e s  and a n a l y s e d  f o r  p o l y a m i n e s .  (ND = n o t  
d e t e c t a b l e ) .
O h  3 h 6 h 9 h 12 h
C.PD.tKQl
3 H-TdR (pmol/10® c e l l s ) 2 .07 8 .64 20 .48 2 .78 0 .82
Spermine  (nmo l /106 c e l l s )  
Spe rmid ine  " " 

















3 H-TdR (pmol /106 c e l l s ) 0 . 6 6 1.37 2 . 1 0 1 . 2 0 0 .67
Spermine (nmol /106 c e l l s )  
Spe rmid ine  " " 











0 . 1 1
ND
0.80
0 . 1 0
ND
DFMO/S/SD/P
3 H-TdR (pmol /106 c e l l s ) 0 .89 4 .33 4 .33 2 .30 2 .23
Spermine  (nmol /106 c e l l s )  
Spermid ine  " " 












0 . 2 1
2 .24
0 .84
0 . 1 2
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i n c r e a s e d  t o  t h o s e  o f  c o n t r o l  c e l l s  w i t h i n  t h e  f i r s t  3h,  
s p e r m i d i n e  c o n c e n t r a t i o n s  were  o n l y  p a r t i a l l y  r e p l e n i s h e d .  
P u t r e s c i n e  was p r e s e n t  in  n e g l i g i b l e  amounts .  The r e s u l t s  
o f  t h e s e  e x p e r i m e n t s  on i n t r a c e l l u l a r  p o l y a m i n e s  i n d i c a t e :  
1 ) t h e  a d d i t i o n  o f  s p e r m i d i n e  and p u t r e s c i n e  t o  p o l y a m i n e -  
d e p l e t e d  c u l t u r e s  r e s u l t s  i n  t h e  a c c u m u l a t i o n  o f  o n l y  
s p e r m i d i n e  by  t h e  c e l l s ;  2 ) t h e  p r e s e n c e  o f  s p e r m i n e  i n  
m i x t u r e s  c o n t a i n i n g  s p e r m i d i n e  and p u t r e s c i n e  i n h i b i t s  t h e  
u p t a k e  o f  s p e r m i d i n e  and p u t r e s c i n e  i n t o  c e l l s  (Tab l e  17,  
23 ,  2 4 ) .
Attempted Rev.eL5.al a t  DFMp-E ffects aa dn& Synthesis la  
Maalei by Salt. Extracts at Cant.ro 1 Stla c ^ n  Nuclei
I t  i s  o b v i o u s  f rom t h e  e x p e r i m e n t s  d i s c u s s e d  e a r l i e r  
i n  t h i s  s e c t i o n  t h a t  p o l y a m i n e s  c o u l d  n o t  c o m p l e t e l y  
r e v e r s e  t h e  e f f e c t  o f  DFMO on DNA s y n t h e s i s  i n  HeLa c e l l s .  
T h e r e f o r e ,  i t  a p p e a r e d  t h a t  DFMO-t rea t ed  c e l l s  m igh t  l a c k  
some e s s e n t i a l  n u c l e a r  c o m p o n e n t ( s )  r e q u i r e d  f o r  t h e  
s y n t h e s i s  o f  DNA. T h i s  p o s s i b i l i t y  was t e s t e d  by s t u d y i n g  
DNA s y n t h e s i s  i n  i s o l a t e d  n u c l e i  f rom p o l y a m i n e - d e p l e t e d  
c e l l s  i n  t h e  p r e s e n c e  o f  s a l t  e x t r a c t s  o f  c o n t r o l  n u c l e i .  
S a l t  e x t r a c t s  o f  n u c l e i  were p r e p a r e d  by t h e  p r o c e d u r e s  o f  
Enomoto e t  a l .  (1983a)  d e s c r i b e d  i n  MATERIALS AND METHODS. 
R e s u l t s  p r e s e n t e d  i n  T a b l e  25 show t h a t  n u c l e i  f rom c e l l s  
g rown in  t h e  p r e s e n c e  o f  DFMO showed  v e r y  l i t t l e  DNA 
s y n t h e s i s  a s  compared t o  c o n t r o l s .  N u c l e i  f rom p o l y a m i n e -  
d e p l e t e d  c e l l s  t r e a t e d  w i t h  s p e r m i d i n e  f o r  3 h showed 
a b o u t  50% o f  t h e  a c t i v i t y  o f  c o n t r o l  c e l l  n u c l e i .
129
TABLE 25
ATTEMPTED REVERSAL OF DFMO-INDUCED IN H IB IT IO N  OF DNA 
SYNTHESIS IN NUCLEI BY ADDITION OF SALT EXTRACT OF CONTROL 
HELA CELL NUCLEI
S y n c h r o n i z a t i o n  o f  c e l l s  and p o l y a m i n e  d e p l e t i o n  a r e  
d e s c r i b e d  i n  MATERIALS AND METHODS. At 62 h and  a t  72 h ,  
20 -uM s p e r m i d i n e  (SD) was  a d d e d  t o  DFMO c o n t a i n i n g  
c u l t u r e s .  N u c l e i  were  i s o l a t e d  from p o l y a m i n e  d e f i c i e n t  
c e l l s  4 h a f t e r  t h e  r e m o v a l  o f  2nd t h y m i d i n e  b l o c k  and 
a s s a y e d  f o r  3 H-dTMP i n c o r p o r a t i o n  a s  d e s c r i b e d  i n  
MATERIALS AND METHODS. C o n t r o l  n u c l e i  were  i s o l a t e d  3 h 
a f t e r  t h e  i n i t i a t i o n  o f  S pha se  and e x t r a c t e d  w i t h  0.25 M 
NaCl .  The § . a l t  e x t r a c t  o f  a b o u t  10 x 10°  n u c l e i  was a d d ed  
t o  3.5 x 10°  DFMO n u c l e i .  The r e s u l t s  a r e  e x p r e s s e d  a s  
t h e  mean o f  t r i p l i c a t e  a s s a y s .
Sou rce  o f  n u c l e i pmol3H-dTMP/10^ Nu c l e i
C o n t r o l 7 .80
DFMO 1.60
DFMO + S a l t  E x t r a c t 0 .84
DFMO/SD 3 .95
DFMO/SD + S a l t  E x t r a c t 2 .5 0
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A d d i t i o n  o f  s a l t  e x t r a c t  f rom c o n t r o l  c e l l  n u c l e i  r e s u l t e d  
i n  t h e  i n h i b i t i o n  o f  ^H-TdR i n c o r p o r a t i o n  by n u c l e i  f rom 
p o l y a m i n e - d e f i c i e n t  c e l l s  as  w e l l  a s  p o l y a m i n e - d e f i c i e n t  
c e l l s  t r e a t e d  w i t h  s p e r m i d i n e .
Ef f e c t  a f  the. C y t o s o l  of. C o n t r o l  and. P o l y a m i n e - D e f i c i e n t  
HeLa Ce. l l e  on  DNA S y n t h e s i s  by; N u c l e i
I t  i s  w e l l  known t h a t  on e  o r  more  f a c t o r s  f r om  
c y t o s o l  a r e  n e c e s s a r y  f o r  op t imum DNA r e p l i c a t i o n  by 
n u c l e i  (Fr iedman and M u e l l e r ,  1968;  F r a s e r  and Huberman, 
197 8 ;  M u e l l e r  g_t &1. ,  1 9 8 1 ) .  An a t t e m p t  was made t o  
d e t e r m i n e  i f  a d d i t i o n  o f  c y t o s o l  o f  c o n t r o l  and  DFMO- 
t r e a t e d  c e l l s  t o  n u c l e i  o f  t h e s e  two c e l l  t y p e s  w o u l d  
a f f e c t  DNA s y n t h e s i s .  The r e s u l t s  p r e s e n t e d  i n  T a b l e  26 
i n d i c a t e  t h a t  c y t o s o l  f rom c o n t r o l  as  w e l l  a s  DFMO-t rea ted  
c e l l s  s t i m u l a t e d  DNA s y n t h e s i s  i n  c o n t r o l  n u c l e i .  The 
e x t e n t  o f  s t i m u l a t i o n  was a b o u t  t h e  same w i t h  e i t h e r  
c y t o s o l .  T h i s  d e m o n s t r a t e s  t h a t  t h e  c y t o s o l  f a c t o r s  
n e c e s s a r y  f o r  DNA r e p l i c a t i o n  a r e  p r e s e n t  b o t h  i n  c o n t r o l  
and DFMO t r e a t e d  c e l l s  and s u g g e s t s  t h a t  t h e  d e f i c i e n c y  in  
DNA s y n t h e s i s  m i g h t  be  t h e  r e s u l t  o f  an a l t e r e d  s t a t e  o f  
t h e  n u c l e i  i n  p o l y a m i n e - d e f i c i e n t  c e l l s .  In  o t h e r  words ,  
t h e  d e f e c t  p r o b a b l y  l i e s  i n  t h e  n u c l e u s  and  n o t  i n  t h e  
c y t o s o l .
I n  a n o t h e r  e x p e r i m e n t  t h e  i n c o r p o r a t i o n  o f  ^H-dTMP 
i n t o  DNA was c o m p a r e d  i n  i s o l a t e d  n u c l e i ,  n u c l e i  p l u s  
c y t o s o l ,  and c e l l  l y s a t e s .  The r e s u l t s  o f  t h i s  e x p e r i m e n t  
a r e  shown i n  T a b l e  27 .  The ^H-dTMP i n c o r p o r a t i o n  was
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TABLE 26
EFFECT OF THE CYTOSOL OF CONTROL AND POLYAMINE-DEFICIENT 
HELA CELLS ON DNA SYNTHESIS BY NUCLEI
C e l l s  were  s y n c h r o n i z e d  and d e p l e t e d  o f  p o l y a m i n e s  a s  
d e s c r i b e d  i n  MATERIALS AND METHODS. N u c l e i  were i s o l a t e d  
f rom c e l l s  3 h i n t o  S p h a s e  and  a n a l y z e d  f o r  3 H-TMP 
i n c o r p o r a t i o n  a s  d e s c r i b e d  i n  MATERIALS AND METHODS. The 
c y t o s o l  o f  a b o u t  6 x 1 0 °  c e l l s  was a d d e d  t o  3 x 1 0 °  n u c l e i .  
The r e s u l t s  a r e  e x p r e s s e d  a s  t h e  mean o f  t r i p l i c a t e  
a s s a y s .
Source  o f  n u c l e i pmol 3 H-dTMP/106 N u c l e i
C o n t r o l 9 .11
C o n t r o l  + C o n t r o l  C y t o s o l 15 .48
C o n t r o l  + DFMO C y t o s o l 16.19
DFMO 0.80
DFMO + C o n t r o l  C y t o s o l 2 .23
DFMO + DFMO C y t o s o l 1 .85
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g r e a t e r  i n  c o n t r o l  c e l l  l y s a t e s  a s  c o m pa r ed  t o  c o n t r o l  
n u c l e i .  L y s a t e s  o f  c e l l s  f rom c u l t u r e s  c o n t a i n i n g  DFMO, 
w i t h  o r  w i t h o u t  p o l y a m i n e  s u p p l e m e n t a t i o n  a t  62 h and  72 
h,  a l s o  showed h i g h e r  i n c o r p o r a t i o n  o f  ^H-dTMP i n t o  DNA as  
c o m p a r e d  t o  i s o l a t e d  n u c l e i .  When c y t o s o l  was a d d e d  t o  
t h e  i s o l a t e d  n u c l e i ,  s t i m u l a t i o n  i n  ^H-dTMP i n c o r p o r a t i o n  
was c o m p a r ab l e  f o r  c o n t r o l  and p o l y a m i n e - d e f i c i e n t  n u c l e i .  
The r e a s o n  f o r  h i g h e r  i n c o r p o r a t i o n  i n  c e l l  l y s a t e s  a s  
c o m p a r e d  t o  i s o l a t e d  n u c l e i  p l u s  c y t o s o l  may be  d u e  t o  
some damage t o  n u c l e i  d u r i n g  t h e  l e n g t h y  n u c l e a r  i s o l a t i o n  
p r o c e d u r e .  I n  v i e w  o f  t h e  f a c t  t h a t  c e l l  l y s a t e s  a r e  
r e a d i l y  p r e p a r e d  and  a l s o  y i e l d  b e t t e r  ^H-dTMP i n c o r ­
p o r a t i o n  i n t o  DNA, t h e y  w e re  u s e d  f o r  f u r t h e r  s t u d i e s  o f  
DNA s y n t h e s i s .
Effe.SLt qJL P o l y a m i n e s  a & i  A£4& qh S y n t h e s i s  i n  £ a l l  
L y s a t e s
As shown i n  T a b l e  28 ,  t h e  a d d i t i o n  o f  d i f f e r e n t  
c o n c e n t r a t i o n s  (25 t o  200 >uM) o f  s p e r m i d i n e  d i r e c t l y  t o  
c e l l  l y s a t e s ,  p r e p a r e d  from p o l y a m i n e - d e f i c i e n t  c e l l s  3 h 
i n t o  S p h a s e ,  had no e f f e c t  on t h e  ^H-dTMP i n c o r p o r a t i o n  
i n t o  DNA. In  f a c t ,  a c o n c e n t r a t i o n  o f  200>uM s p e r m i d i n e  
was s l i g h t l y  i n h i b i t o r y  t o  DNA s y n t h e s i s .  On t h e  o t h e r  
hand  a s l i g h t  i n c r e a s e  i n  t h e  ^H-dTMP i n c o r p o r a t i o n  was 
o b s e r v e d  when a s i n g l e  p o l y a m i n e  o r  a m i x t u r e  o f  p o l y ­
a m i n e s  was a d d e d  t o  p o l y a m i n e - d e p l e t e d  c u l t u r e s  a t  72 h 
(T ab l e  29) .  The maximum i n c r e a s e  (20-25%) was o b t a i n e d  by 
t h e  a d d i t i o n  o f  20 j j M s p e r m i d i n e  o r  25 ^uM p u t r e s c i n e .
133
TABLE 27
COMPARISON OF DNA SYNTHESIS IN  ISOLATED NUCLEI,  NUCLEI 
PLUS CYTOSOL, AND CELL LYSATES
S y n c h r o n i z a t i o n  o f  c e l l s  and p o l y a m i n e s  d e p l e t i o n  a r e  
d e s c r i b e d  i n  MATERIALS AND METHODS. At 62 h and a g a i n  a t  
72 h ,  20 oiM s p e r m i d i n e ( S D )  was a d d ed  t o  c e l l  c u l t u r e s  
c o n t a i n i n g  DFMO. I s o l a t i o n  o f  n u c l e i ,  p r e p a r a t i o n  o f  c e l l  
l y s a t e s  and  c y t o s o l  w e re  c a r r i e d  o u t  a s  d e s c r i b e d  i n  
MATERIALS AND METHODS. C o n t r o l  c y t o s o l  was added t o  con ­
t r o l  n u c l e i  w h i l e  DFMO c y t o s o l  was added t o  DFMO n u c l e i .  
The r e s u l t s  a r e  e x p r e s s e d  a s  t h e  mean o f  t r i p l i c a t e  
a s s a y s .
^H-dTMP i n c o r p o r a t i o n  
( p m o l / 1 0 ® c e l l s )
C e l l  l y s a t e  Nuc l e i
Expt  1
C o n t r o l 21 .71  7 . 8 5
DFMO 4 .2 1  1 .16
DFMO/SD 13.49  3 .95
Nu c l e i N u c l e i  + C y t o s o l
Expt  2




REVERSAL OP DFMO-INDUCED IN H IB IT IO N  OP DNA SYNTHESIS BY 
ADDITION OF SPERMIDINE TO CELL LYSATES
C e l l  l y s a t e s  were  p r e p a r e d  f rom c o n t r o l  and p o l y a m i n e -  
d e f i c i e n t  c e l l s ,  3 h i n t o  S p h a s e ,  a c c o r d i n g  t o  p r o c e d u r e  
g i v e n  i n  MATERIALS AND METHODS. I n d i c a t e d  a m o u n t s  o f  
s p e r m i d i n e  (SD) were added t o  t h e  l y s a t e  a s s a y s .  R e s u l t s  
p r e s e n t e d  a r e  t h e  mean o f  t r i p l i c a t e  a s s a y .
Source  o f  c e l l  l y s a t e  ^H-dTMP i n c o r p o r a t i o n
(pmol /10  C e l l s )
C o n t r o l 20 .83
DFMO 4. 9 8
DFMO + SD (25 juM) 5 .05
DFMO + SD (50 OJM) 5 .51
DFMO + SD ( 100  AIM) 5 .58
DFMO + SD (200 juM) 4 .26
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TABLE 29
REVERSAL OF DFMO-INDUCED IN H IB ITIO N  OF DNA SYNTHESIS BY 
ADDITION OF POLYAMINE(S)
S y n c h r o n i z a t i o n  o f  c e l l s  and p o l y a m i n e  d e p l e t i o n  a r e  
d e s c r i b e d  i n  MATERIALS AND METHODS. At  72 h ,  t h e  
i n d i c a t e d  amounts  o f  p o l y a m i n e ( s )  were  added t o  c u l t u r e s  
c o n t a i n i n g  DFMO. C e l l  l y s a t e s  we r e  p r e p a r e d  f ro m t h e s e  
c e l l  c u l t u r e s  a t  4 h i n t o  S ph a se .  R e s u l t s  p r e s e n t e d  a r e  
t h e  mean o f  t r i p l i c a t e  a s s a y s .
Source  o f  c e l l  l y s a t e  ^H-dTMP i n c o r p o r a t i o n  % o f
(pmol /10°  C e l l s )  C o n t r o l
C o n t r o l 8 .59 100
DFMO 1.74 20
DFMO/S (10 XIM) 2 .27 26
DFMO/SD (20 >UM) 3 .42 40
DFMO/SD (50 jjM) 2 .65 31
DFMO/P (25 jUM) 3.82 45
DFMO/P {50 >uM) 2 .96 34
DFMO/ S (10 UlM) /SD (20 yUM)/P(50 AJM) 2 .46 29
DFMO/ S (10 >uM) /SD (50 pM)/P(25 juM) 3.07 36
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T h e s e  and  p r e v i o u s  r e s u l t s  i n d i c a t e  t h a t  s p e r m i d i n e  i s  
h e l p f u l  f o r  r e c o v e r y  o f  DFMO-t rea ted  c e l l s  o n l y  when added 
t o  t h e  c u l t u r e s  i n  a d v a n c e ,  o r  a t  l e a s t  a t  t h e  b e g i n n i n g ,  
o f  t h e  S p h a s e .
A d e n o s i n e ( 5 1) t e t r a p h o s p h o ( 5 1) a d e n o s i n e  (Ap4 A) h a s  
b e e n  i m p l i c a t e d  a s  a s i g n a l  n u c l e o t i d e  i n v o l v e d  i n  
p o s i t i v e  g ro wth  r e g u l a t i o n  on t h e  b a s i s  o f  i t s  h ig h  me t a ­
b o l i c  l a b i l i t y  and t h e  c o r r e l a t i o n  o f  i t s  p o o l  s i z e s  w i t h  
t h e  p r o l i f e r a t i v e  a c t i v i t i e s  o f  mammalian c e l l s  (Rapapo r t  
and  Z a m e c n i k ,  1 9 7 6 ) .  The s i t e  o f  i t s  i n t r a c e l l u l a r  
a c t i v i t y  h a s  b e e n  sh o w n  t o  b e  t h e  DNA r e p l i c a t i v e  
m a c h i n e r y  ( W e i n m a n - D o r s c h  e_t a l *»  1 9 8 4 ) .  T h e s e  w o r k e r s  
had shown a s i g n i f i c a n t  i n c r e a s e  i n  i n t r a c e l l u l a r  Ap4A a t  
t h e  o n s e t  o f  DNA s y n t h e s i s  i n  v a r i o u s  e u k a r y o t i c  c e l l s .  
I n  o u r  e x p e r i m e n t s ,  s e v e r a l  c o n c e n t r a t i o n s  o f  Ap4A we re  
a d d e d  t o  t h e  c e l l  l y s a t e s  p r e p a r e d  f ro m  p o l y a m i n e -  
d e f i c i e n t  c e l l s ,  a n d  p o 1 y a m i n e - d e f i c i e n t  c e l l s  
s u p p l e m e n t e d  w i t h  20>uM s p e r m i d i n e  e i t h e r  a t  72 h o r  a t  62 
and  a g a i n  a t  72 h o f  t h e  s y n c h r o n i z a t i o n  p r o t o c o l .  The 
r e s u l t s  o f  t h e s e  e x p e r i m e n t s  a r e  shown i n  T a b l e  30.  
A d d i t i o n  o f  A p 4A t o  t h e  a s s a y s  d i d  n o t  h a v e  a n y  
s i g n i f i c a n t  e f f e c t  on H-dTMP i n c o r p o r a t i o n  i n t o  DNA. 
D e t e r m i n a t i o n  &£. DNft P o l y m er a se  c< A c t i v i t y  i n  HeLa N u c l e a r  
g a i t  Ext r a c t s
The p r e p a r a t i o n  o f  t h e  n u c l e a r  s a l t  e x t r a c t s  and t h e  
a s s a y  o f  DNA p o l y m e r a s e  o (  we re  p e r f o r m e d  a c c o r d i n g  t o  
p r o c e d u r e s  d e s c r i b e d  i n  MATERIALS AND METHODS. R e s u l t s  o f
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TABLE 30
EFFECT OF ADENOSINE(5')TETRAPHOSPHO(5')ADENOSINE (A p4 A) 
AND/OR SPERMIDINE ON DNA SYNTHESIS BY LYSATES OF POLYAMINE 
DEFICIENT HELA CELLS
HeLa c e l l  c u l t u r e s ,  e i t h e r  c o n t r o l  o r  g rown i n  t h e  
p r e s e n c e  o f  1 mM DFMO, w e re  s y n c h r o n i z e d  by  t h e  d o u b l e  
t h y m i d i n e  b l o c k  p r o c e d u r e .  20 ju M s p e r m i d i n e  was added t o  
c u l t u r e s  c o n t a i n i n g  DFMO a t  62 h and  a g a i n  a t  72 h o r  a t  
72 h o n l y .  C e l l  l y s a t e s  were  p r e p a r e d  and a s s a y e d  f o r  DNA 
s y n t h e s i s  a c c o r d i n g  t o  t h e  p r o c e d u r e s  d e s c r i b e d  i n  
MATERIALS AND METHODS. R e s u l t s  p r e s e n t e d  a r e  t h e  mean o f  
t r i p l i c a t e  a s s a y s .  (NA = n o t  a s s a y e d ) .
Cone . Ap^A
3 H-dTMP inc  
(pmol / 1 0
DFMO+SD
( a s sa y )
co rpo ra t ion  




(62 & 72 h)
0 juM 4 .0 1 6 .81 5.0
0 juM 4 .0 1 6 .81 5.09
10 >uM NA NA 5.42
50 oiM 2 .9 5 7 .50 6.37
100 _>uM 4 .0 2 5.73 5 .85
200  oiM 4 .2 5 7 .10 NA
400 jaK 2 .67 6 .25 NA
( C on t r o l ) (19 .3 ) (13 .4) ( 1 0 . 6 )
(DFMO) (4 .0 1 ) (3 .39) (1 .71)
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TABLE 31
DETERMINATION OF DNA POLYMERASE <*. ACTIVITY IN  HELA CELL 
NUCLEAR SALT EXTRACT
F o l l o w i n g  t h e  d o u b l e  t h y m i d i n e  b l o c k ,  20 >uM 
s p e r m i d i n e  was added t o  c u l t u r e  c o n t a i n i n g  DFMO. N u c l e a r  
s a l t  e x t r a c t s  w e r e  p r e p a r e d  f ro m  c e l l s  3 h i n t o  S p h a s e  
and t h e i r  DNA p o l y m e r a s e  a c t i v i t y  was a s s a y e d  a c c o r d i n g  
t o  t h e  p r o c e d u r e  d e s c r i b e d  i n  MATERIALS AND METHODS. 
S i m u l t a n e o u s l y ,  n u c l e i  were a l a o  i s o l a t e d  and checked  f o r  
t h e i r  c a p a c i t y  t o  i n c o r p o r a t e  3 H-TMP. R e s u l t s  p r e s e n t e d  
a r e  t h e  mean o f  t h r e e  r e p l i c a t e s .  Numbers i n  p a r e n t h e s e s  
r e p r e s e n t  t h e  i n c o r p o r a t i o n  o f  ^H-dTMP by  n u c l e i  f r om 
which s a l t  e x t r a c t s  were o b t a i n e d .
DNA polymerasec>< a c t i v i t y
(pmoles  -^H-dTMP/10” Nuc l e i )
C o n t r o l 9 .71  (13 .3 )
DFMO 9.05  (2 .31 )
DFMO/SD 13.9  (2 .57 )
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t h i s  e x p e r i m e n t  a r e  d e s c r i b e d  i n  T a b l e  31.  The DNA p o l y ­
m e r a s e  a c t i v i t y  was  a b o u t  t h e  s a m e  i n  p o l y a m i n e -  
d e f i c i e n t  c e l l  n u c l e i  a s  i n  c o n t r o l  c e l l  n u c l e i .  N u c l e i  
f rom c e l l s  which were  s u p p l e m e n te d  w i t h  20  -uM s p e r m i d i n e  
a t  72 h had a som ewha t  h i g h e r  DNA p o l y m e r a s e  oK. a c t i v i t y  
t h a n  c o n t r o l  n u c l e i .  The d i f f e r e n c e  i n  ^H-dTMP i n c o r ­
p o r a t i o n  i n t o  DNA b e t w e e n  t h e  c o n t r o l  n u c l e i  and  n u c l e i  
o b t a i n e d  from p o l y a m i n e - d e p l e t e d  c e l l s  c o u l d  n o t ,  t h e r e ­
f o r e ,  be a c c o u n t e d  f o r  by a d i f f e r e n c e  i n  t h e i r  DNA p o l y ­
m e r a s e  a c t i v i t y  a s  a s s a y e d  w i t h  a t e m p l a t e  o f  a c t i v a t e d  
DNA. T h i s  d o e s  n o t  i m p l y  t h a t  t h e  s t r u c t u r e  o f  t h i s  
enzyme and  i t s  a c t i v i t y  on t h e  DNA t e m p l a t e  o f  i n t a c t  
n u c l e i  a r e  i d e n t i c a l  i n  c o n t r o l  and  p o l y a m i n e - d e p l e t e d  
n u c l e i  and t h i s  s h o u l d  be more t h o r o u g h l y  i n v e s t i g a t e d .
VIII. DISCUSSION
I n  o r d e r  t o  d e t e r m i n e  t h e  r o l e  o f  r e g u l a t o r y  
f a c t o r ( s )  i n  t h e  p r o c e s s  o f  c e l l  d i v i s i o n ,  i t  i s  n e c e s s a r y  
t o  s y n c h r o n i z e  t h e  p o p u l a t i o n  o f  c e l l s  t o  p e r m i t  t h e  
i n v e s t i g a t i o n  o f  a s p e c i f i c  pha s e  o f  t h e  c e l l  c y c l e .  The 
d o u b l e  t h y m i d i n e  b l o c k  c e l l  s y n c h r o n i z a t i o n  me t ho d  o f  
M u e l l e r  and K a j i w a r a  ( 1969)  was u s e d  i n  o u r  s t u d i e s  t o  
o b t a i n  a p o p u l a t i o n  o f  HeLa c e l l s  b l o c k e d  a t  t h e  G l - S  
p h a s e  bou nda r y .  C e l l s  t r e a t e d  by t h i s  p r o c e d u r e  r e a c he d  a 
p e a k  i n c o r p o r a t i o n  o f  ^H-TdR 6h a f t e r  r e l e a s e  f r o m t h e  
s e c o n d  t h y m i d i n e  b l o c k ,  and e x h i b i t e d  a h i g h  d e g r e e  o f  
s y n c h r o n y  o f  S p h a s e  DNA s y n t h e s i s  and  p r o l i f e r a t i o n  
( F i g u r e  4) .  C e l l s  c u l t u r e d  i n  medi a  c o n t a i n i n g  ImM DFMO 
t h r o u g h o u t  t h e  e n t i r e  p e r i o d  o f  t h e  s y n c h r o n i z a t i o n  p r o ­
c e d u r e  were  s e v e r e l y  i n h i b i t e d  i n  DNA s y n t h e s i s  and p r o ­
l i f e r a t i o n  ( F i g u r e  5) .  DFMO a l s o  d e p l e t e d  t h e s e  c e l l s  o f  
p o l y a m i n e s  ( T a b l e  16 ) .  One o f  t h e  o b j e c t i v e s  o f  t h e  
p r e s e n t  s t u d y  was t h e  r e s t o r a t i o n  o f  DNA s y n t h e s i s  and 
p r o l i f e r a t i o n  i n  HeLa c e l l s  t h r o u g h  t h e  r e p l e n i s h m e n t  o f  
i n t r a c e l l u l a r  p o l y a m i n e s .
Most  r e s e a r c h  w i t h  i n h i b i t o r s  o f  p o l y a mi n e  s y n t h e s i s  
has  r e v e a l e d  an e f f e c t  on c e l l  g r owt h  and DNA r e p l i c a t i o n  
( Heby,  1 9 8 1 ) .  Kr o k a n  and E r i k s e n  ( 1977)  a t t r i b u t e d  t h e  
d e c r e a s e d  r a t e  o f  DNA s y n t h e s i s  o b s e r v e d  i n  MGBG-t reated 
HeLa S3 c e l l s  t o  a r e d u c t i o n  i n  t h e  number  o f  a c t i v e  DNA 
r e p l i c a t i o n  u n i t s  ( r e p l i c o n s ) .  An i n v o l v e m e n t  o f  p o l y -
140
141
a m i n e s  i n  t h e  i n i t i a t i o n  o f  DNA s y n t h e s i s  h a s  a l s o  b e e n  
p r op os e d  (Heby £_fc. &1. ,  1977;  Boynton ei .  &1. ,  1976;  Sunbar e  
e t  a l . f 1 9 7 9 ) .  P o l y a m i n e  s t a r v a t i o n  i n  p o l y a m i n e -  
a u x o t r o p h i c  CHO c e l l s  h a s  b e e n  s h o w n  t o  c a u s e  d i s ­
a p p e a r a n c e  o f  a c t i n  f i l a m e n t s  and m i c r o t u b u l e s  ( Poh j a np e t o  
e t  a 1 . ,  1 9 8 1 ) .  I t  was p r o p o s e d  t h a t  d e p l e t i o n  o f  p o l y ­
ami nes  i n  a n i ma l  c e l l s  r e s u l t s  i n  t h e  l o s s  o f  m i c r o f i l a ­
ment s  and m i c r o t u b u l e s  v i t a l  f o r  c e l l u l a r  o r g a n i z a t i o n  and 
c e l l  d i v i s i o n .  T h i s  i n t e r p r e t a t i o n  o f  t h e  me c h a n i s m o f  
po l y a mi n e  i n v o l v e m e n t  i n  c e l l  d i v i s i o n  p r o c e s s e s  was l a t e r  
q u e s t i o n e d  b e c a u s e  t h e  d i s r u p t i o n  o f  t h e  f i b r i l l a r  ne t work  
o f  t h e  CHO p o l y a m i n e  a u x o t r o p h  was r e v e r s e d  by  cAMP 
( P o h j a n p e l t o  and K n u u t i l a ,  1982) .
I n h i b i t i o n  o f  p o l y a m i n e  s y n t h e s i s  b y  DFMO 
d r a m a t i c a l l y  i n c r e a s e s  t h e  c e l l u l a r  c o n t e n t  o f  d e c a r -  
b o x y l a t e d  S - a d e n o s y l m e t h i o n i n e  i n  mammal ian c e l l s  (Mamont 
e t  a 1 . ,  1 9 8 2 ) .  T h i s  r a i s e s  t h e  p o s s i b i l i t y  t h a t  t h e
i n h i b i t i o n  o f  DNA s y n t h e s i s  o b s e r v e d  in  p o l y a m i n e - d e p l e t e d  
c e l l s  c o u l d  be  p a r t l y  due  t o  a b l o c k  i n  t h e  r e c y c l i n g  o f  
a d e n i n e  a s  a r e s u l t  o f  t h e  f a i l u r e  o f  t h e s e  c e l l s  t o  
u t i l i z e  d e c a r b o x y l a t e d  S - a d e n o s y l m e t h i o n i n e .  Heby e t  a l .  
(1984) showed a s i g n i f i c a n t  i n c r e a s e  i n  t h e  c e l l u l a r  con­
t e n t  o f  p u r i n e  and p y r i m i d i n e  r i b o n u c l e o t i d e s  when p o l y ­
a mi n e  b i o s y n t h e s i s  was b l o c k e d  i n  E h r l i c h  a s c i t e s  t u mo r  
c e l l s .
P o l y a m i n e s  may w e l l  be  d i r e c t l y  i n v o l v e d  i n  t h e  
f o r m a t i o n  a n d / o r  s t a b i l i z a t i o n  o f  DNA r e p l i c a t i o n  u n i t s
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m e n t i o n e d  e a r l i e r .  To d e t e r m i n e  i f  t h e r e  i s  a d i r e c t  
a c t i o n  o f  p o l y a m i n e s  on DNA s y n t h e s i s  d u r i n g  S p h a s e ,  
p o l y a m i n e s  we r e  a d d e d  e i t h e r  t o  in. v i t r o  a s s a y s  o r  t o  
c u l t u r e s  a t  t h e  i n i t i a t i o n  o f  S p h a s e .  The a d d i t i o n  o f  25 
t o  200oiM s p e r m i d i n e  t o  c e l l  l y s a t e s  f a i l e d  t o  r e v e r s e  t h e  
o b s e r v e d  d e f i c i e n c y  i n  DNA s y n t h e s i s  by  n u c l e i  o f  DFMO- 
t r e a t e d  c e l l s  ( T a b l e  2 8 ) .  A 20 t o  40% r e v e r s a l  o f  t h i s  
i n h i b i t i o n  a t  3 h a f t e r  i n i t i a t i o n  o f  DNA s y n t h e s i s  d i d  
o c c u r ,  however ,  when 20 ojM s p e r m i d i n e  o r  25 ^uM p u t r e s c i n e  
were added s i m u l t a n e o u s l y  a t  t h e  i n i t i a t i o n  o f  t h e  S p ha s e  
o f  s y n c h r o n i z e d  c e l l s  ( T a b l e  2 9 ) .  A d d i t i o n  o f  10 -uM 
s p e r m i n e  was n o t  a s  e f f e c t i v e .  M i x t u r e s  o f  a l l  t h r e e  
p o l y a m i n e s  added a t  t h e  b e g i n n i n g  o f  S p h a s e  a l s o  had v e r y  
l i t t l e  e f f e c t  on DNA s y n t h e s i s  by  p o l y a m i n e - d e f i c i e n t  
c e l l s  a t  3 h i n t o  S p h a s e .  In o r d e r  t o  s e e  i f  t h e r e  was a 
d e l a y e d  r e v e r s a l  o f  i n h i b i t i o n  o f  DNA s y n t h e s i s  by p o l y ­
a m i n e s ,  t h e  t i m e  c o u r s e s  o f  ^H-TdR i n c o r p o r a t i o n ,  c e l l  
p r o l i f e r a t i o n  and  r e p l e n i s h m e n t  o f  i n t r a c e l l u l a r  p o l y ­
ami nes  were s t u d i e d .  Even t hough  t h e  t o t a l  amount  o f  DNA 
s y n t h e s i z e d  i n  t h e  p r e s e n c e  o f  e x o g e n o u s  s p e r m i d i n e  was 
a b o u t  t h e  s a me  a s  i n  c o n t r o l  c e l l s ,  no  p e a k  o f  DNA 
s y n t h e s i s  was o b s e r v e d  ( F i g u r e  6) .  F u r t h e r m o r e ,  t h e  c e l l s  
p r o l i f e r a t e d  b u t  t h e  p r o c e s s  was n o t  s y n c h r o n o u s .  When 
s p e r m i d i n e  was  a d d e d  t e n  h o u r s  p r i o r  t o  a n d  a t  t h e  
b e g i n n i n g  o f  S p h a s e ,  a more s ync h r o n o u s  DNA s y n t h e s i s  and 
a c o m p l e t e  d o u b l i n g  o f  t h e  c e l l  p o p u l a t i o n  was o b s e r v e d  
( F i gu r e  7) .  From t h e s e  r e s u l t s  i t  a p p e a r s  t h a t  sy nc h r o ny
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o f  S ph a s e  DNA s y n t h e s i s  and s u b s e q u e n t  p r o l i f e r a t i o n  a r e  
d e p e n d e n t  upon  one  o r  more  c e l l u l a r  e v e n t s  t h a t  r e q u i r e  
p o l y a m i n e s  i n  t h e  G1 p h a s e  o f  c e l l  c y c l e .  The r e s u l t s  
a l s o  s u g g e s t  t h a t  t h e  m e c h a n i s m  by  w h i c h  c e l l s  o v e r c o m e  
t h e  d e f i c i e n c y  in  n u c l e a r  DNA r e p l i c a t i o n  does  n o t  e n t a i l  
a d i r e c t  i n t e r a c t i o n  o f  a p o l y a m i n e  w i t h  p r e f o r m e d  DNA 
r e p l i c a t i o n  c ompl e xe s  s i n c e  n e i t h e r  t h e  a d d i t i o n  o f  p o l y ­
ami nes  t o  i n  v i t r o  a s s a y s  nor  t h e  r e p l e n i s h m e n t  o f  i n t r a ­
c e l l u l a r  p o l y a m i n e s  r e v e r s e d  t h e  i n h i b i t i o n  o f  DNA 
s y n t h e s i s  i n  DFMO t r e a t e d  c e l l s .
E u k a r y o t i c  c e l l  p r o l i f e r a t i o n  i s  g o v e r n e d  by a s e r i e s  
o f  e v e n t s  w h i c h  o c c u r  i n  t h e  G1 p h a s e  o f  t h e  c e l l  c y c l e .  
R e c e n t l y ,  C a m p i s i  and  P a r d e e  ( 1984)  showed t h a t  t h e  o n l y  
g r o w t h  f a c t o r  n e e d e d  f o r  t h e  e n t r y  o f  3T3 c e l l s  i n t o  S 
p h a s e  i s  i n s u l i n  o r  i n s u l i n - l i k e  g r o w t h  f a c t o r s  ( I G F ' s ) .  
I GF ' s  c o u l d  n o t  be  r e p l a c e d  by  cAMP d e r i v a t i v e s  i n  t h i s  
c e l l  l i n e .  The n a t u r e  o f  t h e  b i o c h e m i c a l  c h ange s  i n v o l v e d  
i n  t h i s  p r o c e s s  i s  unknown.  P r o t e i n  p h o s p h o r y l a t i o n  i s  a 
g o o d  c a n d i d a t e  s i n c e  IGF s t i m u l a t e s  r e c e p t o r  p h o s ­
p h o r y l a t i o n  ( Rub i n  and  R o s e n ,  1975 ;  R u b i n  £.£. a l . ,  1 9 8 3 ) .  
I t  was o f  i n t e r e s t  t o  s e e  i f  i n s u l i n  o r  cAMP a d d e d  t o  HeLa 
S3 c u l t u r e s  g r own i n  t h e  p r e s e n c e  o f  DFMO c o u l d  r e s t o r e  
p r o l i f e r a t i o n .  T h e s e  c o mpounds  we r e  i n e f f e c t i v e  i n  o u r  
s y s t e m  ( T a b l e  2 0 ) .  A n o t h e r  a p p r o a c h  t a k e n  was t o  i n d u c e  
ODC i n  p o l y a mi n e  d e f i c i e n t  c e l l s  in an a t t e m p t  t o  r e v e r s e  
t h e  e f f e c t s  o f  DFMO on t h e s e  c e l l s .  TPA h a s  b e e n  shown t o  
i n d u c e  ODC a c t i v i t y  i n  a n i m a l  c e l l  c u l t u r e s  a s  w e l l  a s  i n
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v a r i o u s  a n i ma l  t i s s u e s  (Byus and Winer ,  1982;  S i na  e t  
1 9 8 3 ) .  When TPA was a d d e d  t o  HeLa c u l t u r e s  wh i c h  we r e  
g r own i n  t h e  p r e s e n c e  o f  DFMO, i t  f a i l e d  t o  i n d u c e  ODC 
a c t i v i t y  and t h u s  d i d  no t  have  any e f f e c t  on i n t r a c e l l u l a r  
p o l y a m i n e s  or  p r o l i f e r a t i o n  ( Ta b l e  21) .
Hi gh  i n t r a c e l l u l a r  c o n c e n t r a t i o n s  o f  a d e n o s i n e -  
( 5 ' ) t e t r a p h o s p h o ( 5 ' ) a d e n o s i n e  (Ap4A) h a v e  b e e n  c o r r e l a t e d  
w i t h  c e l l  p r o l i f e r a t i o n  ( R a p a p o r t  and  Z a me c n i k ,  1 9 7 6 ) .  
T h e s e  w o r k e r s  showed  a 2 f o l d  i n c r e a s e  i n  t h e  c o n c e n ­
t r a t i o n  o f  Ap^A in mammal ian c e l l s  d u r i n g  t h e  t r a n s i t i o n  
f rom growt h  a r r e s t  t o  t h e  p r o l i f e r a t i v e  s t a t e .  A d d i t i o n  
o f  Ap4A t o  p e r m e a b i l i z e d  G l - a r r e s t e d  baby ha ms t e r  k i d n e y  
c e l l s  t r i g g e r e d  t h e  c e l l s  t o  u n d e r g o  DNA r e p l i c a t i o n  i n  
v i t r o  (Grummt,  1 9 7 8 ) .  Ap^A h a s  b e e n  shown t o  b i n d  a s  a 
s p e c i f i c  l i g a n d  t o  c a l f  thymus DNA p o l y m e r a s e  hol oenzyme 
(Mr 404,000)  as  w e l l  as  t o  a f f i n i t y  l a b e l  a s u b u n i t  o f  Mr
5 7 , 0 0 0  (Grummt £_t&X. ,  1 9 7 9 ) .  The h i g h - mo  l e c u  l a r - w e i g h t  
(660,000)  and l o w - m o l e c u l a r - w e i g h t  (145,000)  forms o f  DNA 
p o l y m e r a s e  o<. o f  HeLa c e l l s  were shown t o  p o s s e s s  h i g h l y  
s p e c i f i c ,  n o n - c o v a l e n t , Ap4A b i n d i n g  a c t i v i t y  (Rapapor t  e t  
a l . ,  1 9 8 1 ) .  The r e l a t i o n s h i p  o f  Ap4A t o  a v a r i e t y  o f  
m e t a b o l i c  e v e n t s  s u g g e s t s  t h a t  i t  may p l a y  m u l t i p l e  r o l e s  
i n  t h e  c e l l  economy.  I t s  h i g h  e n e r g y  p o t e n t i a l  and 
u n u s u a l  c o n f o r m a t i o n  a l s o  a p p e a r  t o  f o r e c a s t  s p e c i a l  r o l e s  
i n  c e l l  m e t a b o l i s m  ( Z a m e c n i k ,  1 9 8 3 ) .  R e c e n t l y ,  a 
s i g n i f i c a n t  r i s e  i n  i n t r a c e l l u l a r  Ap^A was shown t o  be  
r e l a t e d  t o  t h e  o n s e t  o f  DNA s y n t h e s i s  i n  e u k a r y o t i c  c e l l s
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(Weinmann-Dorsch 1984) .
S i n c e  p o l y a m i n e s  a l o n e  c o u l d  n o t  f u l l y  r e v e r s e  t h e  
d e f i c i e n c y  i n  t h e  s y n t h e s i s  o f  DNA i n  p o l y a m i n e - d e p l e t e d  
HeLa S3 c e l l s ,  i t  i s  p o s s i b l e  t h a t  t h e s e  c e l l s  l a c k e d  some 
o t h e r  e s s e n t i a l  component ( s )  i n  t h e  n u c l e u s .  To t e s t  t h i s  
p o s s i b i l i t y ,  v a r i o u s  a mo u n t s  o f  Ap^A we r e  a d d e d ,  a l o n g  
w i t h  s p e r m i d i n e  t o  t h e  i n  v i t r o  c e l l  l y s a t e  a s s a y .  Ap^A 
a d d i t i o n  d i d  n o t  h a v e  a n y  s i g n i f i c a n t  e f f e c t  on DNA 
s y n t h e s i s  ( T a b l e  3 0 ) .  When Ap^A was  a d d e d  t o  c e l l  
l y s a t e s ,  p r e p a r e d  f rom c e l l s  s u p p l e me n t e d  w i t h  s p e r m i d i n e ,  
no s i g n i f i c a n t  added i mprovement  was s een  due  t o  a d d i t i o n  
o f  Ap4A ( T a b l e  3 0 ) .  T h i s  k i n d  o f  e x p e r i m e n t a l  a p p r o a c h  
may n o t  be v e r y  a p p r o p r i a t e  i f  t h e  c e l l s  a r e  d e f i c i e n t  i n  
a P 4 a  p r i o r  t o  S p h a s e  a s  a r e s u l t  o f  t h e  d e f i c i e n c y  o f  
p o l y a m i n e s .  Under t h e s e  c o n d i t i o n s ,  s u p p l e m e n t s  o f  Ap^A 
a n d / o r  p o l y a m i n e s  would be r e q u i r e d  b e f o r e  t h e  i n i t i a t i o n  
o f  DNA s y n t h e s i s .  An a l t e r n a t e  p o s s i b i l i t y  i s  t h a t  DFMO 
t r e a t m e n t  r e s u l t s  i n  r educed  DNA p o l y me r a s e  c*C a c t i v i t y  i n  
t h e  c e l l s .  DNA p o l y m e r a s e  o / i s  t h e  enzyme r e q u i r e d  f o r  
r e p l i c a t i o n  o f  c h r o m o s o m a l  DNA i n  e u k a r y o t i c  c e l l s .  A 
d e f i c i e n c y  o f  t h i s  enzyme c o u l d  e x p l a i n  t h e  r e d u c t i o n  i n  
DNA r e p l i c a t i o n  o b s e r v e d  i n  n u c l e i  o b t a i n e d  f r o m  
p o l y a m i n e - d e p l e t e d  HeLa S3 c e l l s .  Enomoto e t  a l .  (1983b)  
h a v e  d e m o n s t r a t e d  t h e  p r e s e n c e  o f  DNA p o l y m e r a s e  i n  
s a l t  e x t r a c t s  o f  HeLa S3 n u c l e i .  As shown i n  T a b l e  31,  
n u c l e a r  e x t r a c t s  o f  p o l y a m i n e - d e p l e t e d  c e l l s  had t h e  same 
a moun t  o f  DNA p o l y m e r a s e  &( a c t i v i t y  a s  c o n t r o l  c e l l
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n u c l e a r  e x t r a c t s .  I t  s h o u l d  b e  p o i n t e d  o u t  t h a t  t h i s  
c o n c l u s i o n  i s  v a l i d  o n l y  i n s o f a r  a s  t h e  a c t i v i t y  o f  t h e  
enzyme on an a c t i v a t e d  DNA t e m p l a t e  i s  c o n c e r n e d .  I t  w i l l  
be e s s e n t i a l  t o  more f u l l y  c h a r a c t e r i z e  t h e  DNA p o l y m e r a s e  
a c t i v i t y  o f  p o l y a m i n e - d e f i c i e n t  HeLa c e l l  n u c l e i .
DNA r e p l i c a t i o n  i n  i s o l a t e d  n u c l e i  i s  h i g h l y  
d e p e n d e n t  upon t h e  p r e s e n c e  o f  s o l u b l e  p r o t e i n s  f rom t h e  
c e l l  c y t o s o l  (Fr i edman and M u e l l e r ,  1968;  De Pa mp h i l i s  and 
B e r g ,  1 9 7 5 ) .  T h e s e  p r o t e i n s  c o n t r i b u t e  t o  DNA s y n t h e s i s  
by  i n c r e a s i n g  t h e  a m o u n t  o f  DNA made  p e r  a c t i v e  
r e p l i c a t i o n  u n i t  and  s t i m u l a t i n g  t h e  r a t e  o f  p r o c e s s i n g  
( e l o n g a t i o n  a n d / o r  l i g a t i o n )  o f  Okazaki  f r a g me n t s  ( P l anck  
and M u e l l e r ,  1977 ;  F r a s e r  and  Hube r ma n ,  1 9 7 8 ) .  I t  h a s  
been s u g g e s t e d  t h a t  t h e s e  p r o t e i n s  f u n c t i o n  a s  s t r u c t u r a l  
u n i t s  i n  t h e  f o r m a t i o n  o f  t r a n s i t o r y  c ompl e xe s  w i t h  newl y  
r e p l i c a t e d  DNA ( M u e l l e r  e t  a l . ,  1 9 7 8 ) .  T h e r e  i s  a 
d i f f e r e n c e  i n  t h e  n u c 1 e a s e - s e n s i t i v i t y  o f  t h e  n e w l y  
r e p l i c a t e d  c h r o m a t i n  s t r u c t u r e  made i n  t h e  p r e s e n c e  o r  
a b s e n c e  o f  c y t o p l a s m i c  f a c t o r  ( M u e l l e r  &1. ,  1981) .
To d e t e r m i n e  i f  t h e  D F M O - t r e a t e d  c e l l s  m i g h t  be  
l a c k i n g  e s s e n t i a l  c y t o p l a s m i c  f a c t o r ( s ) ,  c y t o s o l  f r a c t i o n s  
we r e  p r e p a r e d  f r o m c o n t r o l  and  DFMO t r e a t e d  c e l l s  and 
added back t o  t h e i r  r e s p e c t i v e  n u c l e i  o r  i n  a r e c i p r o c a l  
c o m b i n a t i o n  ( T a b l e  26 ) .  The a d d i t i o n  o f  c y t o s o l  o f  c o n ­
t r o l  o r  DFMO-t rea t ed c e l l s  t o  c o n t r o l  n u c l e i  r e s u l t e d  i n  
s t i m u l a t i o n  o f  DNA s y n t h e s i s  by t h e s e  n u c l e i .  When e i t h e r  
o f  t h e s e  two c y t o s o l  f r a c t i o n s  we r e  a d d e d  t o  n u c l e i  o f
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DFMO i n h i b i t e d  c e l l s ,  t h e r e  was a s l i g h t  i n c r e a s e  i n  DNA 
s y n t h e s i s  b u t  t h e  t o t a l  ^H-dTMP i n c o r p o r a t i o n  was much 
l o w e r  t h a n  t h a t  o b t a i n e d  w i t h  c o n t r o l  n u c l e i .  The  
i m p o r t a n t  p o i n t  t o  n o t e  i s  t h a t  t h e  same s t i m u l a t i o n  was 
a c h i e v e d  by s u p p l e m e n t s  t o  n u c l e i  o f  c y t o s o l  f rom c o n t r o l  
o r  D F M O - t r e a t e d  c e l l s .  T h i s  r u l e s  o u t  t h e  p o s s i b i l i t y  
t h a t  e s s e n t i a l  c y t o s o l  f a c t o r ( s )  may be l a c k i n g  i n  p o l y ­
amine d e f i c i e n t  c e l l s .  These  r e s u l t s  a r e  n o t  i n  a g r e eme n t  
w i t h  r e s u l t s  o b t a i n e d  p r e v i o u s l y  i n  our  l a b o r a t o r y  w i t h  a 
d i f f e r e n t  HeLa c e l l  l i n e  ( G a l l o ,  1982) .
The p o s s i b i l i t y  t h a t  t h e  m i s s i n g  f a c t o r ( s )  needed  f o r  
DNA s y n t h e s i s  by n u c l e i  o f  p o l y a m i n e - d e p l e t e d  c e l l s  c o u l d  
be  p r e s e n t  i n  t h e  n u c l e i  o f  c o n t r o l  HeLa S3 c e l l s ,  was 
a l s o  c h e c k e d .  M u e l l e r  e t  a l .  ( 1 9 8 1 )  a nd  Enomot o e t  a 1.  
( 1 983 a )  had s u c c e s s f u l l y  u s e d  d i l u t e  s a l t  s o l u t i o n s  t o  
e x t r a c t  f a c t o r s  n e e d e d  f o r  DNA r e p l i c a t i o n  f r o m HeLa 
n u c l e i .  A d d i t i o n  o f  s a l t  e x t r a c t s  o f  c o n t r o l  n u c l e i  t o  
n u c l e i  o b t a i n e d  f rom c e l l s  grown in  t h e  p r e s e n c e  o f  DFMO, 
w i t h  o r  w i t h o u t  s p e r m i d i n e  s u p p l e m e n t a t i o n ,  a c t u a l l y  
r e s u l t e d  in  a d e c r e a s e  o f  ^H-dTMP i n c o r p o r a t i o n  i n t o  DNA. 
T h i s  o b s e r v a t i o n  was a l s o  i n  c o n t r a s t  t o  t h e  p r e v i o u s  
o b s e r v a t i o n s  made i n  our  l a b o r a t o r y  w i t h  a d i f f e r e n t  c e l l  
l i n e  i n  which i mpr ovement  i n  DNA s y n t h e s i s  by t h e s e  n u c l e i  
was ac i i e ved  by t h e  a d d i t i o n  o f  s a l t  e x t r a c t s  o f  c o n t r o l  
n u c l e i  ( G a l l o ,  1982) .
To s u m m a r i z e ,  t h e  i n h i b i t o r y  e f f e c t s  o f  DFMO on DNA 
s y n t h e s i s  and c e l l  d i v i s i o n  i n  HeLa c e l l s  c o u l d  n o t  be
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e x p l a i n e d  i n  t e r m s  o f  a l a c k  o f  e s s e n t i a l  c y t o s o l  
f a c t o r ( s )  i n  c e l l s  g r o w n  i n  t h e  p r e s e n c e  o f  DFMO. 
F u r t h e r m o r e ,  s a 1 t - e x t r a c t a b l e  n u c l e a r  f a c t o r s  a r e  mos t  
l i k e l y  n o t  a f f e c t e d  by t h e  p o l y a m i n e  d e f i c i e n c y  i nduced  by 
DFMO. Po l y a mi n e s  c o u l d  o n l y  p a r t i a l l y  r e v e r s e  t h e  e f f e c t s  
o f  DFMO on t h e s e  c e l l s .  The f u l l  r e s t o r a t i o n  o f  DNA 
a c t i v i t y  i n  DFMO-t rea t ed c e l l s  may n o t  be p o s s i b l e  due  t o  
a f a i l u r e  t o  a c h i e v e  s u f f i c i e n t  c o n c e n t r a t i o n s  o f  p o l y ­
a m i n e s  a t  t h e  DNA r e p l i c a t i o n  s i t e  o r  t o  t h e  l a c k  o f  a 
r e q u i r e d  c o m p o n e n t  t h e  s y n t h e s i s  o f  wh i c h  was d e p e n d e n t  
upon  p o l y a m i n e s .  A l t e r n a t i v e l y ,  t h e r e  may h a v e  b e e n  a 
r e q u i r e m e n t  f o r  f u r t h e r  m e t a b o l i s m  o f  t h e  p o l y a m i n e s ,  f o r  
RNA o r  p r o t e i n  s y n t h e s i s  o r  f o r  t h e  r e l e a s e  o f  a b l o c k  i n  
t h e  i n i t i a t i o n  o f  DNA r e p l i c a t i o n .
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